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SCIENTISTS AND ENGINEERS: 


What STL does: What STL offers: 


Space Technology Laboratories is making For scientists and engineers with out- 
significant contributions in theoretical standing capabilities, STL offers unusual 
analysis, research, development and growth opportunities in many areas of 
technical management of advanced ballistic technical activity, including: 


missile and space systems. STL conducts 


Electronic and Electromechanical Systems 
advanced space flight experiments under the ‘i 


executive management of the Air Force Vehicle Engineering and Development 
on behalf of such agencies as ARPA and Propulsion and Guidance Systems 
NASA. In addition STL’s leadership in Computer Technology 


military applications of space technology is 
illustrated by its successful accomplish- 
ments as the contractor responsible for 
over-all systems engineering and technical 
direction of the Atlas, Titan, Thor, and 
Minuteman portions of the Air Force ef 
Ballistic Missile Program. ¥ ~4 


Systems Engineering and Technical 
Direction 


Telecommunications 
Airborne Systems 
Ground Support Equipment 


The Technical Staff of STL is the largest professional group in the nation devoted 
exclusively to research, development, and systems engineering in the field of ballistic 
missiles, space projects, and related advanced technology. If you want to apply your 
skills and talents, in these advanced areas working with leaders in your field, investigate 
positions at STL now. Please send your resume today to Mr. Richard A. Holliday. 
Space Technology Laboratories, Inc., P.O. Box 95004 
Los Angeles 45, California > / 
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LETTERS to’the Editor 


Statistics in Reliability 


Re: More on Reliability, AERO/SPACE 


ENGINEERING, January, 1960 


@Mr. Rodert’s condescending reply to 
my comments in the August issue really 
misses the point. I am well aware not 
only of the references to which attention is 
drawn in this reply, but also of many more 
recent papers in this field, particularly in 
the Proceedings of the IRE Symposium 
on Reliability. Reference to my recent 
papers on aircraft safety (AGARD Report 
No. 153, 1958, and WADC TR 57-131, 
1957) may also convince Mr. Rodert that 
I am quite aware of the differences in 
the design approach in aeronautical and 
civil engineering, as well as of the useful- 
ness of probability considerations and 
statistics. 

What I have tried to stress in my 
remarks in the August issue is the fact 
that it is the wrong kind of statistics that 
are being applied, and that conclusions 
based on physically irrelevant statistical 
assumptions provide misleading answers 
to the problems of reliability in terms of 
operational lives. Mr. Rodert’s answer 
really convinces me of the lack of aware- 
ness among engineers, aeronautical as 
well as civil, of the basic problems in the 
correlation between physical and statis- 
tical concepts with respect to their joint 
application to reliability analysis. 


Alfred M. Freudenthal, MIAS 
Guggenheim Inst. of Flight Structures 
Columbia University 


+ + 
Comments on Article 


by Dommasch and Barron 


@ The attention of this reader has been 
attracted by the recent publication of the 


paper “Optimum Rocket Trajectories, 
Parts I and II’? by Dommasch and 
Barron.!:2 In the opinion of this reader, 


there is a fundamental error in the paper 
in question. A detailed discussion follows. 


(1) Direct Analysis 


When an aircraft flies in a vertical 
plane, four equations must be satisfied 
at all points of the flight path: (a) equa- 
tion of forces on the tangent to the flight 
path, (b) equation of forces on the normal 
to the flight path, (c) kinematic relation- 
ship in the horizontal direction, and (d) 
kinematic relationship in the vertical 
direction. 

It appears that Dommasch and Barron 
have treated the problem of maximum 
altitude rise by considering the dynamical 
constraints and disregarding partially or 
totally the kinematical constraints in the 
formulation of the optimum conditions. 
Specifically, constraint (d) has been omit- 
ted in Part I, while constraints (c) and (d) 
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have been omitted in Part II. Conse- 
quently, even though the kinematic and 
dynamic relationships have been simulta- 
neously considered in the numerical inte- 
gration of flight trajectories, the majority 
of the formulas contained in the paper 
and the numerical analyses summarized in 
Figs. 1 through 3 of Part II are erroneous 
in the sense that they do not represent 
optimum trajectories. 

As an example, consider the problem 
formulated in Part I1—that is, the maxi- 
mum altitude rise in a resisting medium 
over a spherical earth.2 Missing in the 
authors’ treatment are the Euler equa- 
tions associated with the geometric alti- 
tude h and the nondimensional range 8. 
Missing, also, are the Lagrange multipliers 
associated with the following differential 
equations* 


6 — (Vecos y)/(m +h) =0 
h—Vsiny =0 

where V is the velocity of the aircraft 
relative to the earth, rp the radius of the 
earth, and y the inclination of the flight 
path with respect to the local horizon. 
As a consequence, the order of the differ- 
ential system describing the optimum path 
is erroneously reduced. 


(2) Pilot Example 


Owing to the complexities of the prob- 
lems of Lagrange, Mayer, and Bolza, 
there is a better than even chance that 
the errors committed by Dommasch and 
Barron in references 1 and 2 will be 
clear only to those who have intensively 
studied the methods of the Calculus of 
Variations. These errors, however, can 
be made clear even to the uninitiated if a 
particular limiting case of the problem 
considered in Part II is analyzed. 

More specifically, consider the problem 


of extremizing 
2 
a V sin Ydt 


under the following assumptions: 

(a) The earth is flat, and the accelera- 
tion of gravity is constant everywhere. 

(b) Newton’s law is approximately true 
for a reference frame rigidly associated 
with the earth. 

(c) The induced drag is negligible with 
respect to the zero-lift drag. 

(d) The mass flow of the rocket engine 
is constant. 

(e) The thrust is tangent to the flight 
path. 

(f) No condition is imposed on the 
horizontal distance flown by the aircraft. 

This problem is a noncontroversial one, 
insofar as its solution has already been 
obtained by several authors using different 


I= (1) 


* The symbols V and ro + Ah of the present 
Letter to the Editor replace the symbols V; and 
ha of reference 2 
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analytical techniques.{ As an example, 
Cicala and Miele* have solved this prob- 
lem by means of the Mayer formulation, 
Furthermore, Miele has attacked the 
same problem by means of Green's 
theorem‘ and the formulation of Bolza‘ 
In addition, with reference to the partic- 
ular case in which the variation in the 
mass of the aircraft is neglected, solutions 
have been supplied by Lush® using the 


energy-height method, by Miele’ using | 


Green’s theorem, by Cicala and Miele 
using the Lagrange formulation, and by 
Cartaino and Dreyfus? using the method 
of the dynamic programing as developed 
by Bellman.” 

In the following sections, the above 


problem is treated in two ways—first, 7 


with the variational approach which has 
been pioneered by, among others, Behr- 
bohm, Breakwell, Bryson, Cicala, De 
Veubeke, Leitmann, and Miele (Approach 
A); then, with the variational approach 


used by Dommasch and Barron (Approach | 


B). 


(2.1) Approach A 


Owing to hypothesis (c), the drag fune- 
tion has the form D = D (h, V), where i 
is the altitude and V the velocity. Fur. 
thermore, owing to hypothesis (d), the 
mass of the aircraft is a linear function of 
time m = m (t) and the thrust of the 
engine has the form T = T (h). Define 
now the following function 


E =(T — D)/mg (2 
and observe that, for the particular prob- 
lem under consideration, E = E (h, J, 
As a consequence, the equation of motion 
on the tangent to the flight path is writte 
ast 
J,=(V/g) + sin y — E(h, V,t) =0 (3 
where 

Vsiny = 0 (4 


The Lagrange problem is now formu 


lated as follows: “Among all sets of func] 


tions V (t), y (t), and (t) which are con 7 
sistent with Eqs. (3) and (4), find tha 
particular set such that the integral (| 
is extremized.”’ (Continued on page 7) 


+ In reference 5 it is shown that, as long ast 
condition is imposed on the horizontal distant 
flown by the aircraft, the problem of maximut 
altitude rise and the problem of minimum tim 
lead to the same family of extremal solutions 

t Notice that the equations of motion on t# 
normal to the flight path and the kinematic rel 
tionship in the X-direction are not written. | 
fact, owing to hypotheses (c) and (f), these t" 
equations do not interact with Eqs. (3) and (4 

The formulation represented by Eqs. (3) at 
(4) is valid even in the case where hypothe 
(c) is omitted, provided the drag is written ® 
D = D (h, V, L) and the equation of moti 
on the normal to the flight path is formulatt 
as L — mg = 0, where L is the lift. 
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Since the unknown functions are three 
in number, the optimum path must be 


consistent with the following Euler 

equations 

(d/dt) (OF/OV) — (d2F/2V) = 0 (5) 
(d/dt) (OF/Oy) — (OF/dvy) = 0 (6) 
(d/dt) (OF/dh) — (@F/dh) = 0 (7) 


where 


F = Vsin y + MI(V/g) + 


sin y — E] + o(h — Vsin y) (8) 


If Eqs. (5) through (8) are combined 
and if the Lagrange multipliers \; and 
»: are eliminated, the following result is 
obtained: the solution are is composed of 
subares along which 


cos y = 0 (9) 
and subarcs along which 


AEV)/OV — (V/g) = 0 
(10) 


This is the result obtained in references 
(3) through (9). 


(2.2) Approach B 


With the Dommasch-Barron approach, 
one has to extremize the integral (1) 
subject only to the constraint (3). This 
introduces one additional degree of free- 
dom in the problem, but Dommasch and 
Barron take care of the situation by 
avoiding the Euler equation relative to 
the optimization of the altitude. Thus 
the optimum path is represented by 


(d/dt) (OG/OV) — = 0 (11) 
(d/dt) — = 0 (12) 


where 


G = Vsin y + A(V/g) + sin y — E] 


(13) 


If Eqs. (11) through (13) are combined 
and if the Lagrange multiplier \, is elimi- 
nated, the following result is obtained: 
the solution are is composed of subarcs 
along which 


cos y = 0 (14) 
and subarcs along which 
= 0 (15) 


The above result points out the in- 
correctness of the Dommasch-Barron 
approach. In fact, their approach leads 
to the well-known optimizing condition 
for problems of quasi-steady  flight,? 
despite the fact that the acceleration 
terms have been included in the analysis 
of reference 2. The effect of these 
acceleration terms, when treating the 
problem correctly, is to modify the 
left-hand side of Eq. (15) by the addi- 
tional term which is present in the left- 
hand side of Eq. (10). 


Conclusions 


The detailed analysis of Section 1 and 
the particular example. developed in 
Section 2 conclusively show that the 
approach followed by Dommasch and 
Barron in references 1 and 2 is incorrect. 
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Why it pays you to specify 


Bendix QWL Electrical Connectors for use with Multi-conductor Cable 


For use with multi-conductor cable on missile launching, 
at radar, and other equipment, the Bendix* QWL 


tional cable locking produced by a cable accessory designed 
to accommodate a Kellems stainless steel wire strain relief 


lectrical Connector meets the highest standards of design 
and performance. 


A heavy-duty waterproof power and control connector, the 
QWL Series provides outstanding features: e The strength 
of machined bar stock aluminum with shock resistance and 
pressurization of resilient inserts. e The fast mating and 
disconnecting of a modified double stub thread. e The 
resistance to loosening under vibration provided by special 
tapered cross-section thread design. (Easily hand cleaned 
when contaminated with mud or sand.) e The outstanding 
resistance to corrosion and abrasion of an aluminum surface 
with the case hardening effect of Alumilite 225 anodic 
finish. ¢ The firm anchoring of cable and effective water- 
Proofing provided by the cable-compressing gland used 
within the cable accessory. e The watertight connector 
assembly assured by neoprene sealing gaskets. e The addi- 


grip. e Prevention of inadvertent loosening insured by a 
left-hand accessory thread. e The high current capacity 
and low voltage drop of high-grade copper alloy contacts. 
Contact sizes 16 and 12 are closed entry design. 

These are a few of the reasons it will pay you to specify the 
Bendix QWL electrical connector for the job that requires 
exceptional performance over long periods of time. *rrapemarK 
Export Sales and Service: Bendix International Division, 205 E. 42nd St., New York 17, N. Y. 
Canadian Affiliate: Aviation Electric Ltd., 200 Laurentien Blvd., Montreal 9, Quebec. 


Factory Branch Offices: Burbank, Calif.; Orlando, Florida; Chicago, Ill.; Teaneck, 
New Jersey; Dallas, Texas; Seattle, Washi Washington, D. C. 


Sidney, New York AVIATION CORPORATION 
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Shooting for the stars? 


Alcoa goes to work immediately on defense project 


Alcoa brings to any research, development or production contract: More experience than any other lightly 


metals company in the world. More money and man-hours invested in metallurgical research. Mol 


success in pioneering new techniques. More modern equipment, in more plants. Alcoa’s laboratories a 


plants are coordinated into an integrated, nationwide facility ready now te explore, mock-up or ma 


produce aluminum assemblies or subassemblies—for government agency, prime or subcontractor. For mo 


information, write: Aluminum Company of America, 2025-C Alcoa Building, Pittsburgh 19, Pa. 


ALCOA 


ALUMINUM 
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the Green Sheet 


IAS BULLETINS AND LATE NEWS... 


THE INSTITUTE IN WASHINGTON: In response to an invitation by Chairman Overton Brooks, 
of the House of Representatives Committee on Science and Astronautics, the IAS par— 
ticipated on Feb. 23 with other key professional societies in a hearing which re— 
viewed problems associated with the national space program. Following a meeting early 
in the month of several members of the Council with President Donald L. Putt, it was 
agreed to prepare a House Committee-suggested statement containing official views of 
the Institute on matters related to the hearing. H. Guyford Stever, Associate Dean 

of Engineering at MIT, and IAS Council Member, was spokesman for the Institute and 
appeared with IAS Director Paul Johnston and Secretary Robert R. Dexter. The state- 
ment, mailed on the 16th to the Council's Executive Committee with a request for 
comments, will appear as the editorial in next month's Aero/Space Engineering. 


THE FIFTH MINTA MARTIN LECTURE will be presented by Brig. General Benjamin S. 
Kelsey, USAF (Ret.) at MIT's Kresge Auditorium at 8:00 p.m., March 10. 

The Lecture is delivered annually in conjunction with a professorship 
established at MIT in 1954 in honor of Jerome C. Hunsaker, for many years 
Head of MIT's Aeronautical Engineering Dept., and a Founder Member of the 
IAS. The late Glenn L. Martin contributed funds providing for presentation 
of the lecture, named after his mother. General Kelsey, 1959-60 Jerome 
Clarke Hunsaker Prof. of Aeronautical Engineering, will discuss "Size Con— 
siderations in Optimum Aircraft". The lecture will be repeated on March 15 


in the Student Union, Univ. of Maryland, and on March 31 at the IAS Build- 
ing in Los Angeles, Calif. 


IAS PRESIDENT DONALD L. PUTT has been appointed a United States national delegate 

to the NATO Advisory Group for Aeronautical Research and Development (AGARD). The 
other U.S. delegates are Dr. Theodore von Karman, Chairman of the Group, and Dr. 

Hugh L. Dryden, Deputy Administrator of NASA, both Honorary Fellows of the Institute. 


DR. HERBERT F. YORK, Director, Defense Research and Engineering for the 
Dept. of Defense, will be guest dinner speaker at the classified meeting 
on the Future of Manned Military Aircraft in San Diego this August. 


THE INSTITUTE'S 36TH SECTION has been organized in Sacramento, California. Official 
welcome will be extended at the section's inaugural meeting to be held this month. 


THE NEW YORK LIBRARY FACILITIES OF THE IAS have been moved to newly re— 
furbished quarters on the second floor at 2 East 64th. The facility will 
be dedicated as the Lester Durand Gardner Memorial Library in honor of 
the Institute's indefatigable founder. 


EDITOR'S NOTEBOOK: While announcements of our mammoth magazine for May (the 

Manned Space Stations Issue) have appeared elsewhere, the 'hot news' nature of the 
Green Sheet permits a rundown that will interest IAS members who have expressed a 
desire for more State of the Art-—type of information, plus those who either must or 
wish to look to their society's publications for the best and latest technical data. 
Though the size of the issue is of passing interest (it will contain some 40,000 
words) May's A/SE has been planned for seven months with QUALITY in mind. Each 
author was chosen for us merely by having been selected by the IAS—-NASA-RAND National 
Symposium on Manned Space Stations Committee as a participant in the Symposium 

(in Los Angeles on the 20th, 2lst, and 22nd of next month). Each author has prepared 
his own Symposium presentation in a form which will get the most important informa— 
tion across to our readers in the shortest reading time possible. Collectively, the 


articles will present knowledge as it exists in the United States NOW. So here's to 
good reading for May!—A.B. 
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— Green Sheet (Con’t.) 


DR. JOSEPH V. CHARYK, IAS FELLOW, has been confirmed by Congress as Under Secretary 4 


of the Air Force. DR. COURTLAND D. PERKINS, IAS FELLOW, has been appointed by Presa 
Eisenhower to succeed Dr. Charyk as Assistant Secretary of the Air Force. 5 


Mar. 8 Los Angeles: Specialists Meeting, 8 pm, IAS Bldg., "Importance of Panel q 
Flutter in Design of Light Weight Structures," Prof. B. Fung, Cal Tech. @m@ 
Mar. 9 Niagara Frontier: Dinner Meeting, 7 pm, Cornell Aero Lab., "The Delta q 4 
Wing Story", A. Burstein, Convair—San Diego. _ 
Mar. 9 Atlanta: Dinner Meeting, 6 pm, Buckhead Elks Club, "The Navy Guided Mis— a 
sile Program", RAdm. K. S. Masterson, USN, Off. Ch. of Naval Operations. 4 .. 
Mar. 9 Chicago: Technical Meeting, 7 pm, Illinois Inst. of Technology, "High on 
perature Gas Dynamics", Prof. Howard W. Emmons. : _ 
Mar. 10 Baltimore: Dinner Meeting, 7 pm, Westinghouse Air Arm Div., "Soviet Mil- - 4 
itary and Political Plans", Herbert S. Dinerstein. @ 
Mar. 10 Boston: Minta Martin Lecture, 8 pm, See Page 1 of Green Sheet. a 3 
Mar. 15 Washington: Minta Martin Lecture—Dinner, 6:30 pm, See Page 1 Green Sheet my 
Mar. 15 Wichita: Dinner Meeting, 6:50 pm, Innes Tea Room, "Traffic Jam in the Skyi™ 
Capt. A. C. Packard, FAA. q 
Mar. 22 Los Angeles: Specialists Meeting, 8 pm, IAS Bldg., "Closed Ecological 
Systems for Space Vehicles", George L. Hobby, Jet Prop. Lab., CIT. 
Mar. 24 San Antonio: Technical Meeting, 7 pm, Officers Club, Kelly AFB, "Logistigg 
Support", Maj. Gen. L. L. Mundell. % 
Mar. 29 Washington: Specialists Meeting, 8 pm, Auditorium, National Academy of | 
Sciences, "Automatic Air Navigation—-Adaptability to Air Traffic Control"™ 
Lt. Col. M. E. Esch, USAF, and A. B. Winick, FAA. : 
Mar. 31 Los Angeles: Minta Martin Lecture, Dinner, 6:30 pm, see Page 1 Green Shed 
* Items for this section accepted up to seven working days before end of the ie 
INTERNATIONAL, NATIONAL, AND JOINT MEETINGS CALENDAR 
Mar. 10-11 Flight Propulsion Meeting (Classified), Cleveland, Ohio. 
Apr. 20-22 Symposium on Manned Space Stations (cosponsored by NASA and The 
RAND Corp.), Ambassador Hotel, Los Angeles, Calif. q 
May 2-4 IRE Aeronautical Electronics Conference (Participation by Dayton q 
Section of IAS), Dayton, Ohio. g 
May 23-25 National Telemetering Conference (cosponsored by IAS, ISA, ARS, 
- and AIEE), Hotel Miramar, Santa Monica, Calif. q 
May 25-27 Specialists Meeting, Guidance of Aerospace Vehicles, Boston, Massm 
June 28—Jul. 1 Summer Meeting, Ambassador Hotel, Los Angeles, Calif. q 
Aug. 1-3 Meeting on Future of Manned Military Aircraft, San Diego, Calif. @ 
Sept .12-16 2nd International Congress, International Council of the Aeronaual 
tical Sciences, Zurich, Switzerland. 4 
Oct. 3-5 Midwestern Conference on Air Logistics, Tulsa, Okla. 
Oct. 17-18 CAI/IAS Joint Meeting, Queen Elizabeth Hotel, Montreal, Canada. 
Oct. 20-21 Symposium on Hypervelocity Techniques, Denver, Colorado. 
Dec. 17 Wright Brothers Lecture, Washington, D.C. 
1961 


SECTION MEETINGS CALENDAR * 


29th Annual Meeting, Hotel Astor, Times Square, New York. 
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KEARFOTT developed 


and now produces 


Bomarc-B | all-attitude 


mid-course 


guidance system. 


Engineers: Kearfott offers challenging 


ass. 

| opportunities in advanced component and 
system development. 


KEARFOTT owision 
GENERAL PRECISION 


LITTLE FALLS, NEW JERSEY 


Other Divisions of General Precision Inc.—GPL—Librascope—Link 
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WYMAN-GORDON !S FORGING RE-ENTRY SHIELDS 


e Copper in production 
e Beryllium in limited production 
e Reinforced plastics in development 


- GORDON 


FORGING 
ALUMINUM MAGNESIUM STEEL TITANIUM BERYLLIUM MOLYBDENUM COLUMBIUM 
AND OTHER UNCOMMON MATERIALS 


WORCESTER, MASSACHUSETTS 


HARVEY. ILLINOIS GRAFTON. MASSACHUSETTS FRANKLIN PARK, ILLINOIS 
DETROIT. MICHIGAN FORT WORTH. TEXAS LOS ANGELES. CALIFORNIA 
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News 


. . arecord of people and events of interest to Institute Members 


presided. 

Elmer A. Sperry, Jr., Teller, reported 
that he had received and counted 1,734 
valid proxies for voting at the Annual 
Meeting—a quorum of the voting mem- 
bership. 

The Secretary, on behalf of the Nom- 
inating Committee, placed in nomina- 
tion the following members for election 
to vacancies on the Council: 

Donald L. Putt, President; William 
Littlewood, Past President; and Victor 
E. Carbonara, Treasurer; for a term of 1 
year each. Western Region—Harold 
Luskin, Vice-President; Milton U. 
Clauser, Donald P. Germeraad, Nicho- 
las J. Hoff for a term of 2 years each; 
Welko E. Gasich and Yusuf A. Yoler for 
; aterm of 1 year each. Central Region 
—Paul H. Dane, Vice-President; Pres- 
ton E. Dickson and Clyde R. Murtaugh 
for a term of 2 years each; Peter Alt- 
man, Hubert I. Flomenhoft, and Vernon 
Outman for a term of 1 year each. 
Eastern Region—Charles Tilgner, Jr., 
Vice-President; John Attinello, 
Lawrence Levy, and Axel T. Mattson 
for a term of 2 years each. On motion 
duly made, seconded, and carried, they 
were unanimously elected. The fol- 
lowing were nominated and elected in 
like manner to serve on the Nominating 
Committee for 1960: William Little- 
wood, Chairman; Wellwood E. Beall, 
Clark B. Millikan, L. Eugene Root, 
Raymond C. Sebold, Edward R. Sharp, 
R, Dixon Speas, and H. Guyford Stever. 

The Annual Reports of the President, 
Treasurer, and Director were read and 
approved. (See the following pages for 
the complete reports.) 

The Secretary presented a list of 
honors conferred by the Institute in 
1959 as follows: The Octave Chanute 
Award to John P. Reeder, Chief, Flight 
| Operations Branch, Flight Research 
Division, Langley Research Center, 
NASA; the Louis W. Hill Space Trans- 
portation Award to James A. Van Allen, 
Professor and Head, Department of 
Physics and Astronomy, State Univer- 
sity of Iowa; the John J. Jeffries Award 


Annual Business Meeting of the Institute 


Reports of President, Treasurer, and Director 


- TWENTY-EIGHT ANNUAL MEETING of the members of the Institute was held at 
the Hotel Astor, New York, on January 27, 1960. William Littlewood, President, 


to Don Flickinger, Brigadier General, 
USAF (MC), Assistant for Bioastro- 
nautics and Surgeon, Hq. ARDC; 
the Robert M. Losey Award to Herbert 
Riehl, Associate Professor of Meteorol- 
ogy, University of Chicago; the Syl- 
vanus A. Reed Award to Karel J. 
Bossart, Assistant to the Vice-Presi- 
dent—Engineering, Convair Division, 
General Dynamics Corporation; the 
Lawrence Sperry Award to James E, 
McCune, Senior Scientist, Aeronautical 
Research Associates of Princeton, Inc.; 
the Minta Martin Aeronautical Student 
Fund-National Paper Awards to: Un- 
dergraduate Division—Charlie M. Jack- 
son, Jr., Virginia Polytechnic Institute; 
Graduate Division—E. Brian Pritchard, 
Virginia Polytechnic Institute; Docto- 
rate Division—William J. Rae, Cornell 
University, and Ronald Stearman, Cali- 
fornia Institute of Technology; and the 
Wright Brothers Lecturer, Alexander 
H. Flax, Chief Scientist, United States 
Air Force, who spoke on “High Tem- 
peratures in Hypersonic Flow—Physical 


President’s 


T. HAVE SERVED as IAS President for 
the year which is ending with the 28th 
Annual Meeting has been most re- 
warding and gratifying to me and has, I 
hope, proved beneficial to the Institute. 
The principal emphasis throughout 
1959 has been on improved and ex- 
panded service to the members who are 
the reason and justification for its 
existence. Your President has made 
sincere efforts to be present at as many 
of the Institute meetings, both na- 
tional and local, as has been reasonably 
possible consistent with his other obli- 
gations. He has taken great satisfac- 
tion in emphasizing contacts with the 
IAS student groups and in experiencing 
the great breadth of IAS interests and 
activities exemplified by its national 
meetings. 
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Report—1959 


Principles 
niques.” 
Honorary Fellowships in the Insti- 
tute to: American—E. A. Sperry, Jr., 
formerly Sperry Gyroscope Company; 
Foreign—E. T. Jones, Deputy Con- 
troller (Overseas Affairs), Ministry of 
Aviation, London. Fellowships in the 
Institute to: J. V. Charyk, Assistant 
Secretary of the Air Force; Alfred J. 
Eggers, Jr., Aeronautical Research 
Scientist, Ames Research Center, 
NASA; Vice Adm. John T. Hayward, 
USN, Deputy Chief of Naval Opera- 
tions (Development), Navy Depart- 
ment; Lester Lees, Professor of Aero- 
nautics, California Institute of Tech- 
nology; C. C. Lin, Professor of Mathe- 
matics, M.I.T.; Eugene J. Manganiello, 
Associate Director, Lewis Research 
Center, NASA; H. J. van der Maas, 
Professor of Aeronautics, Delft Tech- 
nological University, Delft; and Lysle 
A. Wood, Vice-President, Boeing Air- 
plane Company; General Manager, 
Aero-Space Division. 
The Secretary announced the officers 
of the Institute for 1960 as follows: 
President, Donald L. Putt; Vice-Pres- 
idents, Paul H. Dane, Harold Luskin, 
and Charles Tilgner, Jr.; Treasurer, 
Victor E. Carbonara; Director, S. Paul 
Johnston; Secretary, Robert R. Dexter; 
and Controller, Joseph J. Maitan. 


and Experimental Tech- 


ROBERT R. DEXTER 
Secretary 


1959 was perhaps most noteworthy as 
the year of execution of the Constitu- 
tional changes which have implemented 
the previously conceived plan for the es- 
tablishment of geographic regions and 
for the ensuring of adequate direct rep- 
resentation by officerships and Council 
membership from those regions to 
further enhance the expressed interests 
of the members in various areas. The 
plan was previously conceived with 
praiseworthy vision, was implemented 
in 1959, and will become effective and 
valuable in the years to come. 

The year has also been noteworthy as 
the occasion for the 7th Anglo-American 
Conference held in the northeastern part 
of the United States and Canada. Our 
visitors from the Royal Aeronautical 
Society have announced themselves as 
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IAS Officers for 1960 


STAFF OFFICERS FOR 1960 


S. Paul Johnston, Director 
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Robert R. Dexter, Secretary Joseph J. Maitan, Controller 
VICE-PRESIDENT VICE-PRESIDENT 

Central Region Western Region 

Col. Paul H. Dane, USAF Harold T. Luskin 

Professor of Staff Assistant to Manager 

Thermodynamics Satellite Systems, Missiles & Space Div. 
USAF Academy Lockheed Aircraft Corporation 


TREASURER 
Victor E. Carbonara 


President 
Kollsman Instrument 
Corporation 


PRESIDENT 


Donald L. Putt 
President United Technology Corp. 


VICE-PRESIDENT 
Eastern Region 
Charles Tilgner, Jr. 


Chief Aeronautical Engineer 
Grumman Aircraft 
Engineering Corporation 


» 
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| 

4 

| 
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Newly Elected Members of the 


EASTERN REGION 


John S. Attinello 

Asst. to Chief Engr. 
Aircraft & Missiles Div. 
Fairchild Engine & 
Airplane Corp. 


CENTRAL REGION 


Peter Altman 
Vice-President 

Research & Devel. Div. 
Continental Motors Corp. 


WESTERN REGION 


Milton U. Clauser 

V-P & Dir., Physical 
Research Lab., Space 
Technology Labs., Inc. 


Lawrence Levy 


President 
Allied Research 
Associates, Inc. 


Preston E. Dickson 


Group Engineer 
Aerodynamics 


Beech Aircraft Corp. 


Welko E. Gasich 
Dir., Weapon System 
Development Engrg. 
Northrop Corp. 


Axel T. Mattson 
Head 


Eight-Ft. Tunnel Branch 


INSTITUTE COUNCIL 


Langley Research Center 


NASA 


Hubert I. Flomenhoft 
Group Leader, Flight Loads 
Dynamic Science Sect. 
North American Aviation 
Columbus Div. 


D. P. Germeraad 

Chief Engrg. Test Pilot 
Convair Division 
General Dynamics Corp. 


Clyde Murtaugh 


Flight Sciences Dept. 
Bendix Systems Div. 
Bendix Aviation Corp. 


Nicholas J. Hoff 
Head 


Div. of Aero. Engrg. 
Stanford University 


Vernon Outman 


Chief Technical Engr. 


McDonnell Aircraft Corp. 


Y.A. Yoler 
Head 


Flight Sciences Lab. 
Boeing Airplane Co. 
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INSTITUTE OF THE AERONAUTICAL SCIENCES, INC. 


Statement for the Fiscal Year October 1, 1958, to September 30, 1959 


Consolidated Balance Sheet and Operating Statement 


$ 819,963 


$ 827,081 


LIABILITIES AND RESERVES 


Accounts and Deposits Payable............... 
Deferred Credits to Income..... 
Deferred Income—San Diego Building......... 
Deposit—Pacific Aeronautical Library......... 
General Fund—Balance September 30, aoe. ree 


otal 


$113,902 


198,756 
12,254 
5,000 


263 ,759 


Specific Fund Reserves—Principal Balances............... 


Statement of Income & Expenses 


ASSETS 
Unrestricted: 
26,505 
Advances on Intrafund Accounts............. 41,945 
Deposits and Prepayments................... 28,851 
Total Unrestricted Assets.......... 
Facilities (at cost): 
Total Facilities.......... 
Specific: 
The Sherman M. Fairchild Fund.............. $ 10,382 
The Flight Test Fellowship Fund............. 10,124 
388 , 245 
The Louis W. Hill Space Transportation Fund... 6,273 
The Paul Kollsman Fund.................... 69 ,000 
The Vernon Lynch Award Fund.............. 37 ,696 
The Minta Martin Aeronautical Student Fund. . 511,767 
The Sylvanus Albert Reed Award Fund....... 13 ,632 
The Lawrence Sperry Award Fund............ 13 ,483 
The Water-Based Aircraft Fund.............. 20,919 
The Los Angeles Building Operating Fund..... 25 , 253 
The New York Building Maintenance Fund... . 103 ,989 
The Pacific Aeronautical Library Fund........ 36,442 
Total Specific Assets.......... 
Income: 
Subscriptions and Related Accounts............. 
West Coast Buildings Revenue................. Soe 
Dividends and Interest (unrestricted)............ 
Expenses: 
Salaries—Administrative, Clerical, & Accounting. . . 
Libraries and Related Activity................... 
Employees Retirement Fund & Social Security...... 
Printing, Postage, Communication, and Equipment... 
; 
Office Supplies and Expense, Insurance...... . 
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$330 ,553 
267,418 


$926,684 


$927 , 357 
673 


$1,647 ,044 


<= 
7 
827 ,081 
226 , 292 
| 
| 
i 
Net Expenses.......... 
‘ 


highly gratified by the success of the 
joint meetings and have expressed great 
appreciation for the courtesies extended 
to them by company members of the 
Institute and others who acted as their 
hosts. My own personal thanks must 
be expressed to the Institute officers and 
staff who did such a thorough and 
capable job in this connection, as well as 
in all other major activities throughout 
the year. 

The Institute ends the Presidential 
year in good financial shape with a con- 
tinually expanding membership of the 
highest quality, with an ever-increasing 


Treasurer's 


A. EXPANDED program of meetings and 
intensified Section and student activi- 
ties, coupled with the never-ceasing in- 
creases in material and labor costs, con- 
tribute to the continuing fiscal problem 
with which your society is faced. Under 
the new Constitution, increasing activ- 
ity will result from the implementation 
of the Program Planning Committee, 
Publication Committee, Aero/Space 
Technology Panels, and the Regional 
operating system. Continuous consid- 
eration must be given to financing the 
operations of these new activities to 
keep costs within reasonable limits. 

In the spring of 1957 an estimate of 
operations for the following 3 years was 
reviewed by the Council. It predicted 
a net operational loss of $37,000 in 1959. 
At that time the Corporate Member 
dues schedule was revised, and it was 
estimated that increased revenues from 
this source would be on the order of 
$50,000 annually. Shifts in defense 
spending, mergers, and other factors re- 
sulted in a net increase from this source 
of only $31,000 in 1959. Through econ- 
omies (principally by reducing publica- 
tion costs) sufficient savings were devel- 
oped to overcome the reduced revenue. 
The Budget presented in the fall of 1958 
(and approved by the Council) pre- 
dicted a “‘break-even”’ situation at the 
end of the past fiscal year. 

With all returns in, and all adjust- 
ments authorized by the Council made, 
the operating statement (g.v.) shows a 
net loss of less than $700 on a $1,000,000 
operation or about 0.07 per cent. The 
net cost of general management, meet- 
ings, publications, and Kollsman Li- 
brary operations was $2,667; the Los 
Angeles Building net loss was $9,314; 
and the net income of the Pacific Aero- 
nautical Library amounted to $11,308, 
as a result of an upward adjustment of 
subscriber service rates. 

Over the past years many of the mem- 
bership services were supported through 
advertising dollars and reserves accumu- 
lated. Unless the income derived from 
advertising improves substantially, and 


breadth of aeronautical and related 
interests and activities, and with the 
satisfaction of having conducted a 
series of valuable local area and na- 
tional meetings, and can look forward to 
growth and further successes in the fu- 
ture. 

Your retiring President is grateful for 
the opportunity of having served you 
throughout this successful year and 
wishes to congratulate the Institute on 
the selection of its officers and Council 
for 1960. 


WILLIAM LITTLEWOOD 
President 


Report—1959 


is maintained, serious consideration 
must soon be given to looking to other 
sources to pay for the services offered. 

The ARDC renewed its contract with 
the IAS to continue the compilation of 
classified and unclassified technical mo- 
tion picture films produced in the United 
States. This service is proving to be 
extremely valuable to research labora- 
tories, Government agencies, and the 
industry. The International Aero- 
nautical Abstracts contract was also re- 
newed by AFOSR, which regards the 
work as an excellent source of technical 
worldwide literature to keep engineers 
and scientists aware of disclosures in all 
areas. 

An appropriation of $10,000 was 
authorized by the Council for a study 
regarding the development of office and 


Director’s Report—1959 


A, WITH any business enterprise, 
management’s problem is to conserve 


auditorium buildings on the Los Angeles 
property, relating the use of this facility 
to the long-range requirements of the 
members in that region. This study is 
presently under way. 


The NASA canceled its office space 
lease in the Los Angeles Building. The 
reduced income from this source con- 
tributed to the operations loss of the 
building. The long-term lease with 
California Western University at the 
San Diego Building has been canceled 
by the university as of January 1, 1960. 
Proposals as to disposition of the build- 
ing are now under consideration. 


The Finance Committee met period- 
ically and recommended stock transac- 
tions resulting in capital gains of $9,000 
during the year which were transferred 
to the Capital Investment Contingency 
Reserve account presently standing at 
$69,000. The book value of investments 
as of September 30, 1959, is $1,680,306, 
and in addition there is an increase of 
$415,473 in the market value as of that 
date. 


Through our legal counsel the IAS 
petitioned for and received relief from 
the payment of New York City sales tax 
on its purchases. This effected a saving 
of over $1,000 to date. 

The books of account have been ex- 
amined by Harris, Kerr, Forster and 
Co., Certified Public Accountants. A 
copy of their complete report is avail- 
able to members for review at the na- 
tional office. 


JEROME LEDERER 
Treasurer 


National Meetings 


Jan. 27th Annual Meeting New York 
corporation assets and to manipulate 26-29 City 
income and outgo so as to produce divi- Mar. Flight Propulsion Cleveland 
dends. In periods of rising costs and re- 

June Summer Meeting Los Angeles 
duced income, budget balancing requires 16-19 
constant attention. The results of the Aug. National Specialist San Diego 
past year’s operation in the fiscal area 20-21 Meeting Symposium 
are set forth in the Treasurer’s Report on ASW (classified) ae 
Nov. Midwestern Meeting— Wichita 
preceding. But in our kind of business 9-4 “pie thentiiecan 
“profit’”’ is not measured in dollars. Sciences” 
Surpluses are ploughed back into serv- Nov. Turbine-Powered Air San Francisco 
ices. Dividends accrue to members in 17-18 ae 
the form of increased professional knowl- Dee. 17 
edge and to industry in the form of ture D.C. 
better professional people. This report 
deals mainly with the past year’s prog- 
ress in producing such dividends. Cosponsored Meetings 
Meetings May IAS/ISA/AIEE/ARS Baltimore 
25-27 National Telemeter- 

Activity in the form of meetings at all ing Conference 
levels—national, regional, and local— Sept. IAS/Univ. of Calif— Los Angeles 
continued high. The following schedule 16-17 Reston of Science 

lists National Meetings, which — Oct. 7th Anglo-American New York 
IAS organized or in which we partici- 5-16 PE Ea City 
pated: ference, IAS-RAeS 
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Table 1. Sections and Branches 


1949 


1951 1952 


1953 1954 1955 1956 1957 1958 1959 

Sections 19 23 24 25 26 24 27 27 28 30 35 

Meetings 126 144 168 181 237 241 267 275 320 350 359 
Members 5,718 6,436 7,143 7,379 8,408 8,411 9,043 9,837 11,120 12,175 13,793 § 

Student Branches 67 70 71 71 69 71 73 7 73 7 78 

Members 3,958 3,395 3,006 2,796 2,672 3,110 2,984 3,908 4,274 4,400 4, 557 


Participating Meetings 


Apr. 5th Nuclear Congress Cleveland 
5-10 
May IRE National Aero- Dayton 
4-6 nautic Electronics 
Meeting 
June Heat Transfer and Los Angeles 
11-13 Fluid Mechanics In- 
stitute 
Sept. Midwestern Conference Austin 
9-11 on Fluid and Solid 
Mechanics 
International 


In October the Seventh Anglo- 
American Aeronautical Conference with 
The Royal Aeronautical Society of 
Great Britain took place in New York 
City and vicinity. For the first time 
the Canadian Aeronautical Institute 
participated. The final 3 days of the 
program were held in Canada under 
CAI auspices. By joint action of the 
RAeS and IAS Councils, the organiza- 
tion of the Eighth Anglo-American Aero- 
nautical Conference in England in 1961 
was authorized. 

In addition to the collaboration with 
Canada outlined above, the usual ex- 
change arrangements with the CAI were 
maintained throughout the year. 

Planning for the 1960 ICAS meeting 
in Zurich accelerated during the year. 
IAS Secretary Dexter went to Zurich in 
April to meet with the Program Com- 
mittee and to lay the ground work for 
the technical sessions. The Director 
attended an ICAS Executive Committee 
meeting in Paris in June, and Mr. 
Dexter visited Zurich again in Septem- 
ber following his attendance at the 
AGARD meeting in Aachen to finalize 
local arrangements. Work on the tech- 
nical program has been continuous 
during the last 6 months of the year. 


Sections 


For the 14th consecutive year, all 
aspects of Section operation reached 
new highs (see Table 1). Section mem- 
bership increased by over 1,500 in 1959 
and now represents 87 per cent of total 
IAS membership. New Sections were 
organized in South Florida, New Mex- 
ico, Connecticut, Omaha, and the Great 
Salt Lake area, increasing the total to 35. 
Negotiations are under way for the es- 
tablishment of Sections in Sacramento 
and Birmingham. 

Two meetings of Section Chairmen 
were held, one in New York during the 
Annual Meeting and one in Los Angeles 
during the Summer Meeting. Six issues 
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of the Section Officers’ Newsletter were 
published in 1959. 

The Fourth Minta Martin Lecture 
was presented in 1959 at meetings in- 
volving the Boston, Washington-Balti- 
more-Hagerstown, and Los Angeles 
Sections. 


Student Activities 


Present student membership enroll- 
ment in 78 branches is 4,577. Four new 
student branches were established— 
Arizona State University, University of 
Arizona, U.S. Air Force Academy, 
New York University-Evening. Two 
branches were dropped. A charter for 
each student branch was prepared and 
mailed. The IAS student branch news- 
letter was redesigned, retitled JAS 
Student News, and its editorial content 
expanded. 

In the spring of 1959 seven Regional 
Student Conferences were held, spon- 
sored by the Minta Martin Aeronautical 
Student Fund—one each in Ithaca, 
N.Y.; Atlanta; Fort Worth; St. Louis; 
Washington, D.C.; Detroit; and Los 
Angeles. Sixteen technical papers 
which won First Prizes in the 1959 Con- 
ferences were published in the 1959 
First Award Papers; 750 copies have 
been distributed to Sections, Branches, 
Corporate Members, the IAS Council, 
schools, libraries, and interested indi- 
viduals. Four National Awards—two 
doctorate (first-place tie), one Master's, 
and one undergraduate—were awarded 
in 1959 and presented in early 1960. 

A new edition of the IAS Guidance 
Manual/Career Booklet was researched, 
prepared, and retitled Your Career as an 
Aero/Space Engineer. Approximately 
17,000 copies of the original career 
booklet, Your Career as an Engineer in 
Aviation, were mailed, exhausting the 
supply. It is planned to distribute 
100,000 copies of the new booklet 
through our own channels. Efforts will 
be made to secure additional financing 
for reprinting and for more extensive 
distribution. 

The IAS Flight Test Engineering 
Fellowship for 1959 was awarded to Fox 
Conner of Lockheed. A new Flight 
Test Fellowship folder was prepared 
and mailed. 

All films in the New York Library 
were rehabilitated. An IAS leader was 
prepared and attached to each print. A 
new film list was prepared (abstracting 
243 titles) and mailed. All titles in the 
New York Library were recatalogued 
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it less time consuming. 

A total of 21 new titles was obtained 
for the New York Library, and per. | 
mission was granted to list 23 others as | 
being available from respective pro- 
ducers. There are currently 76 indi 7 
vidual titles (and some duplicate prints) 
in the New York Library. Copies of © 
the Air Force Film Manual listing all © 
their titles were obtained and mailed to 
all Student Branches. A tape library © 
was started on a trial basis. So far © 
eight tapes of the various speeches given 7 
at IAS meetings are available. 


and the loan system reorganized to make : 


Publications 


Throughout 1959, the Staff continued 7 
in its efforts to improve the quality and 7 
services of all IAS publications. 4 7 
readership survey was conducted in [ 
May to determine the fields of interest 
of our members and to serve as a guide 
to the editors and publisher. As are 7 
sult, certain editorial features of the | 
magazines were expanded, others 
duced. Further changes along thes [ 
lines are planned for 1960, with the | 
assistance and advice of the new Publi. 
cations Policv Committee provided by 
the revised By-Laws. 

While advertising and subscription 
revenues again failed to cover the com 7 
plete costs of AERO/SPACE ENGINEER: | 
ING, the deficit for this year was ap [ 
proximately one third that of 1958 7 
The loss represents, almost exactly, the | 
cost of printing and publishing the In | 
ternational Abstracts section of the 7 
magazine, which is the Institute’s con | 
tribution to the Air Force sponsorship ai 7 
this important job. 

The prospects look good for slightly 
more advertising revenue in 1960, andit 
is anticipated that the A/SE operation 
will at least break even during the yeat 
Meanwhile, every effort is being made to 
increase the editorial content and us 
fulness of the book. Two special issues 
are being planned for 1960—the first 
one in May on “Manned Space St 
tions.”” This will contain some 39 e& 
clusive articles, covering all aspects 0 
the subject, and will represent the most 
comprehensive collection of papers 0 
space problems yet published under 4 
single cover. The second ‘“‘special” wil 
be the LAS Roster of Members issue, af 
pearing in August. 

In order to catch up partially with 
ever-increasing backlog of excellet! 
papers, alternate issues of the JOURN 
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32 years of experience... unequalled crafts- 
manship spell unchallenged leadership in the 
design and production of precision flight 
instruments, automatic celestial navigation, 
electromechanical, and avionic systems for 
the aviation industry. 


There’s a Kollsman instrument aboard almost 
every known aircraft. Proof of dependability. 
Proof of craftsmanship. Proof of acceptance in 
a field which can’t tinker with chance. Kollsman ‘ 
engineering and manufacturing complexes pro- 
duce precision instruments, flight systems, 
missile modules, and ground support equip- 
ments of unmatched excellence. Kollsman leads — 
the world in automatic celestial navigation sys- 
tems. More than three decades of Kollsman spe- 
cialization serve as a springboard to the stars. 


lf it flies 
it relies on 


Astro trackers 

Automatic astro compass 

Air data computers 

Electromechanical systems 

Missile components & systems 

Jet engine instruments 

Flight instruments 

Kolisman Integrated Flight Instrument System 
Optical systems & components 


Doppler computation systems 
Sextants (periscopic—handheld—photoelectric) 
Pressure-sensitive controls 


ill 


Flight simulator instruments 


Laboratory test instruments 


For a complete detailed list of Kollsman products, 
x send for illustrated Product List. 


A kollsman 


80-08 45th Avenue, Elmhurst, New York + Glendale, California 


SUBSIDIARY OF PRODUCTS CO. ING. 
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OF THE AERO/SPACE SCIENCES were 
expanded from 64 to 80 pages this year. 
It is planned to maintain a regular 80- 
page issue each month throughout 1960, 
and a possible further expansion is hoped 
for 1961. 

The 1960 AERO/SPACE ENGINEERING 
CATALOG will appear in March. Some 
500 new product headings and 10,000 
listings have been added to the Direc- 
tory Section of this issue. These addi- 
tions, plus an improvement in the 
method of printing, make the 1960 
CATALOG the most complete and useful 
products directory in the field. Im- 
mediately upon publication, 7,500 copies 
will be distributed to the engineering and 
procurement departments of all prime 
manufacturing companies and Govern- 
ment agencies. 

During the course of 1959, publication 
of papers and preprints under the Sher- 
man M. Fairchild Fund continued. 
Some 47,409 copies of all papers and 152 
new titles were produced and distrib- 
uted. 


Library Services—New York 


Library services to the IAS member- 
ship again showed an increase over the 
previous year. Of the total inquiries re- 
ceived, some 90 per cent were directed to 
the technical library and about 10 per 
cent to the historical library. 

In the technical library, circulation of 
periodicals, reports, books, and papers 
were 8.7 per cent higher than in 1958. 
Corporate Member use rose 23 per cent 
over 1958. This lending service is 
offered without fee to individual and 
Corporate Members of the IAS in the 
United States and in Canada. Some- 
where near half of the publications lent 
fell into the ‘‘hard-to-obtain” category. 
Photocopy prints made on order were up 
26 per cent against the previous year. 

Accessions showed an increase chiefly 
with respect to report literature, of 
which 3,183 were received from govern- 
mental and civilian organizations in the 
U.S. and abroad. The cooperation of 
many governments, publishers, uni- 
versities, and individual authors in 
sending their publications for abstract- 
ing purposes and on exchange makes it 
possible to keep expenditures for new 
publications to a minimum. 

The abstracts section, headed by Miss 
Irene W. Bogolubsky, increased cover- 
age by 21 per cent for a total of 8,915 
citations published in AERO/SPACE 
ENGINEERING. Coverage thereby kept 
pace somewhat with the still growing 
literature in the aerospace field. To do 
this, while still keeping within the 
printed space limits set earlier, required 
an increase in the percentage of un- 
annotated citations and a still higher 
selectivity with respect to the technical 
level of the material abstracted. Forty- 
four per cent of the coverage represented 
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Table 2. Membership by Calendar Year 


12/31/57 12/31/58 12/31/59 

Temporary Honorary Members 16 19 20 
Honorary Fellows 32 32 33 
Fellows 213 215 222 
Associate Fellows 1,240 1,475 1,685 
MEMBERS 5,778 6,402 6,976 
Associates 6,074 6,508 6,782 
Total Graded 13,353 14,651 15,718 

Student Members 4,274 4,400 4,557 
Totals 17,627 19,051 20,275 


publications originating outside the U.S. 
Abstracts of material from Communist- 
bloc sources totaled 1,145 items, of 
which 909 were in the Russian language. 
The publication of International Aero- 
nautical Abstracts, which has appeared 
as a special insert in AERO/SPACE 
ENGINEERING since January, 1956, 
continued to receive support from the 
Air Force Office of Scientific Research of 
the Air Research and Development 
Command, USAF. 

The valuable exchange of advance 
manuscript abstracts continued in effect 
between the IAS and the British 
Ministry of Aviation office, charged 
with publication of Jndex Aeronauticus. 
Abstract cards were also received 
regularly from the Zentralstelle der 
Luftfahrtdocumentation, Wissenschaft- 
liche Gesellschaft fiir Luftfahrt, e.V., 
in Munich, Western Germany. 

Sales of the AERONAUTICAL ENG1- 
NEERING INDEX for 1957 (an annual 
compilation of all abstracts published 
during the year), which was issued in 
February, 1959, amounted to 700 copies. 
Receipts continued to be ahead of 
direct production costs by a favorable 
amount. Editorial and production 
work was continued during the year on 
the 1958 and the 1959 volumes. 

The historical section, operated by 
Miss Elizabeth B. Brown, continued to 
serve many outside organizations in 
providing biographical, statistical, and 
historical information not easily avail- 
able from other sources. Users in- 
cluded advertising agencies and artists, 
writers, graduate students, and repre- 
sentatives of leading newspapers, maga- 
zines, and other communications media. 
Approximately 1,700 new photographs 
were added to this collection during the 
year. 

A major improvement in the physical 
arrangement of the New York Library 
was started late in 1959. By consoli- 
dating certain exhibits and exhibit areas 
and by putting certain items out on 
semipermanent loan to such organiza- 
tions as the Smithsonian Institution and 
the Manhattan High School of the 
Aviation Trades, the entire second floor 
has been made available for Library 
purposes. Through the generosity of an 
old friend of the Institute, a completely 
new steel bookstack installation has 
been purchased and installed on the 
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second floor, and the entire area re- 


furnished and relighted. Space in the & 


basement formerly used by the Library 
will be opened up for much-needed ex- 
pansion of our printing and mailing 
facilities. The completion of this proj- 
ect was delayed by steel shortage dur- 
ing the strike, but all material is now on 
hand, and the work should be completed 
early in 1960. In accordance with the 
wishes of the man who made this possi- 
ble, the facility will be dedicated upon 
its completion as the Lester Durand 
Gardner Memorial Library. 


Pacific Aeronautical Library 


The demands by industry on our Los 
Angeles Library facility increased stead- 
ily during 1959. Mrs. Steinmetz re- 
ports that services rendered to sub- 
scribers were the highest in history, 
The 68 regular member plants were 
supplied with 44,500 separate items. 
In order to cover the increasing range of 
subjects now of interest, the PAL, in 
turn, borrowed some 7,500 items from 
local university libraries in the area. 
Over 10,000 articles were covered in the 
Uniterm Periodical Index. 

Last year, because of the greatly in- 
creased demands on the small staff and 
the rising costs of all goods and services, 
the PAL incurred a small deficit. The 
Library Advisory Committee authorized 
an increase in subscription rates early in 
the year. As a result, the operation 
ended this year “in the black,”’ after 
charging off last year’s deficit. 


Membership 


Membership is our main barometer of 
satisfactory performance. In the De- 
cember, 1959, Editorial ‘‘Let’s Look at 
the Record”’ 


best membership year. 


ceived and processed, and in former 


members seeking reinstatement. The | 
numbers are not significant enough, | 


however, to indicate any appreciable 
trend away from the norm. It would 
not seem unreasonable to attribute this 
to uncontrollable external causes such as 


in Arro/Space Enc- 
NEERING, we charted the Institute's 7 
growth. For over almost 30 years in- © 
creases have been steady and stable. 7 
Although we netted an increase of over 7 
1,000 members, 1959 has not been our 7 
There wert 
some decreases in individual member- ~ 
ship inquiries, in new applications re | 
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| t) CENTURY 


Flames swept across the open plains as 
the Mongol hordes ran in terror from the 
“arrows of flying fire’. When the smoke 
had cleared the Chinese had won the 
battle of Pienking with the first rocket. 


Missiles have become greatly more 
sophisticated since this crude unguided 
arrow was propelled by gunpowder packed 
in an open-ended bamboo tube. Today, asa 
vital part of one of the world’s largest 
electronics companies, Raytheon’s Missile 
Systems Division is making significant con- 
tributions to the art of missilry. The excit- 
ing new Pin Cushion Project for selective 
missile identification, the constantly ad- 
vancing Navy’s air-to-air SPARROW III 
and Army’s HAWK are examples of their 
outstanding creative work. 


We are seeking highly creative people to 
maintain Raytheon’s leadership in this chal- 
lenging field. For these people, Raytheon’s 
Missile Systems Division creates a climate 
for talent — perhaps your talent. 


MISSILE: 


ENGINEERS: immediate openings in 
Data Handling — Circuit Design — 
Packaging — Electro-Mechanical Design— 
Systems Test — Test Equipment Design 
— Systems Analysis — High Power Radar 
Design — Microwave Tube Application — 
High Voltage Power Supply — Modulators 
— Microwave Design — Systems Design 
— VHF Circuit Design — Operations 
Analysis — Radar Systems and Mathe- 
maticians. 

Please apply to Mr. W. F. O’Melia, 
Employment Manager, Bedford Labora- 
tory, Missile Systems Division, Raytheon 
Company, Bedford, Massachusetts. 


MISSILE 
SYSTEMS 
DIVISION 


... creates a climate for talent. 
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the waves of industry layoffs which oc- 
curred throughout the country this 
year. This view is bolstered by the 
fact that the number of members 
dropped is exactly the same as last 
year’s. The statistics for the past 3 
calendar years are given in Table 2. 


Facilities 


Apart from the changes in process tor 
the rearrangement of the Second Floor 
to accommodate the Library and the 
plans for expanding our printing and 
mailing facilities into basement space 
presently occupied by bookstacks, no 
major changes were made (or are con- 
templated) in the New York Building. 
Our normal program of continuous 
maintenance has been in effect. Also a 
major “clean-up” of accumulated sur- 
plus books and paper from basement and 
attic areas was carried out in the spring. 
A considerable tonnage of old material 
was disposed of at that time. 

In Los Angeles continuing effort has 
been under way to develop additional 
income to meet rising expense. This, 
and other matters relating to this facil- 
ity, are touched upon in the Treasurer’s 
Report (g.v.). The special situation 
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RASES First Annual Meeting 


The Republic Aviation Society of 
Engineers and Scientists (RASES), an 
organization founded at Republic Avia- 
tion Corporation’s Long Island plant 
early in 1959, held its first annual meeting 
on December 9 in Huntington, L.I. 

The meeting, attended by more than 300 
engineering and scientific personnel of 
Republic’s Engineering, Missiles and Re- 
search, and Development Divisions, fea- 


pertaining to the San Diego facility is 
discussed in that Report also. 


General 


As reported by the President, the 
organizational changes first proposed in 
the fall of 1958 were agreed upon and 
formalized in a revision of the Insti- 
tute’s Constitution and By-Laws. The 
proper implementation of these changes 
is the task facing the Officers and Coun- 
cil in the next year or two. No particu- 
lar difficulties are anticipated. 

We are very fortunate in having a 
strong Council and an able and inter- 
ested group of Officers at this particular 
time. We of the Staff will, of course, 
exert every effort to carry out the poli- 
cies laid down by the Council in effecting 
a smooth transition from old to new 
programs. 

In approaching the end of my 14th 
year as your Director, I wish to record 
my profound thanks and appreciation to 
the loyal men and women of the Staff 
whose daily labors have brought this 
organization to the stature it enjoys 
today among scientific societies. 


S. PAUL JOHNSTON 
Director 


tured guest speaker Alexander Kartveli, 
Vice-President of Research and Develop- 
ment for Republic and included the instal- 
lation of the society’s officers for 1960. 

Mr. Kartveli, a Fellow of the IAS and a 
member of AERO/SPACE ENGINEERING’S 
Editorial Advisory Committee, Design, 
Structures and Materials Panel, discussed 
some of the challenging problems that the 
aerospace age presents to the aviation 
industry. He stressed the area of manned 
aircraft which will be increasingly em- 


Discussing proposed manned space vehicle at RASES First Annual Meeting are (left to 
right) J. Cravero, Chief Engineer—Production; Arthur Bertapelle (M); |. Singer (M), Past- 
President, RASES; Alexander Kartveli (F); C. E. Pappas (M), Assistant to Vice-President, 


R&D. All are Republic personnel. 


phasized, rather than de-emphasized ag 
is popularly assumed. 

RASES officers for the coming year are 
President, Arthur Bertapelle (MIAS). 7 
Vice-President, Norman Grossman 
(AFIAS); Finance Chairman, Theodore | 
Dinella (MIAS); Meeting Chairman, 
Stafford Beach, Jr. (MIAS); Secretary, 
Henry Kleindienst (MIAS); Publicity ang 
Publications Chairman, Martin Schmitt 7 
(MIAS); Membership Chairman, Donald 
Weisinger; Structures Division Chairman, 
Herman Axelrod (MIAS); Systems Chair. 
man, William Vetter; and Fluid Mechanic © 
Chairman, Jung Chung (MIAS). 

The primary function of this group 7 
whose membership is composed pre 
dominantly of IAS members, is to aid and = 
encourage the professional and technical 4 
growth of engineers and scientists at 
Republic. 


Wright Brothers Trophy 
Awarded to IAS Member 


William P. MacCracken, Jr., a founder 
member of the Institute of the Aeronaut- 
cal Sciences and a pioneer in aviation 
legislation, was awarded the 1959 Wright 
Brothers Memorial Trophy. The trophy, § 
given annually by the National Aeronau. 7 
tic Association for “‘significant public | 
service of enduring value to aviation in the | 
United States,” was presented to Mr | 
MacCracken at the Annual Wright 7 
Brothers Memorial Dinner in Washington, 7 
D.C., on December 17. ; 

Named an Elder Statesman of Aviation 7 
by the NAA in 1955, Mr. MacCracken! | 
nomination for the Wright Brothers 
Trophy read, ‘“[He] has been a driving 
influence in the evolution of the law d 
the air and has, throughout his life, 
worked with great vision and ability a7 
providing a sound legal foundation for the ey 
development of civil and commercial avie: F 
tion in America. His long record of uF 
selfish service is truly significant and d i 
enduring value to aviation.” 4 


Scientist Honored for | 
Inertial Guidance Research 


Dr. Charles S. Draper (HF) ws} 
awarded the 1959 William Procter Prin) 
for Scientific Achievement in Chicago 0 
December 29 at a luncheon held during th 
annual meeting of the American Associ 
tion for the Advancement of Scient 
The $1,000 prize, awarded by the Scientilt’ 
Research Society of America (RESA) atl 
Sigma Xi, honorary science fraternit) 
was presented by Dr. Edward R. Wei: 
lein, Chairman of RESA. It is give 
annually to a distinguished naturd 
scientist in recognition of notable accot: 
plishment in scientific research or in th 
administration of such research. Dt 
Draper is well known for his research 
advanced inertial guidance systems. 

Following the award ceremony, Dt 
Draper, who is Director of the M11 
Instrumentation Laboratory and Head® 
its Department of Aeronautics and Ast? 
nautics, was principal speaker at t 
luncheon. 


(IAS General News, Continued on page % 
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Brig. Gen. Don D. Flickinger, USAF (MC) 
Asst. to Comdr., ARDC, for Bioastronautics, 
and Command Surgeon 


The John Jeffries Award 


This award honors the memory of Dr. John Jeffries, an 
American physician who, with Blanchard, the French bal- 
loonist, made the first aerial voyage across the English Chan- 
nel in 1785, and on a previous flight made the earliest recorded 
scientific observation from the air. The award was estab- 
lished by the IAS in 1940 to give recognition to the importance 
to aviation of scientific endeavor in the field of medicine. 


Presented to Bric. GEN. Don D. FLICKINGER, USAF (MC) 


“For outstanding contributions to the advance- 
ment of aeronautics through medical research.” 


Don D. Flickinger, M.D., Brigadier General, USAF Medi- 
cal Corps, was born November 26, 1907, in Erie, Pa. His 25 
years of outstanding medical service in the Armed Forces in- 
clude many notable contributions to the advancement of the 
aerospace sciences through medical research. General 
Flickinger was a prime participant in the development and 
establishment of criteria currently in use for the selection of 
space crews (including the Mercury Astronauts) and in the 
development of equipment for environmental control in pro- 
motion of human space activities. 

Now Assistant to the Commander, ARDC, for Bioastro- 
nautics, and Command Surgeon, General Flickinger received 
his M.D. from Stanford University Medical School in 1933, a 
Medical Corps commission in 1934, and his flight surgeon’s 
wings in 1937. He has shown outstanding leadership in 
numerous assignments in aviation medicine and has contrib- 
uted over 20 papers to medical and aeromedical literature 
his four most recent publications dealing specifically with bio- 
medical aspects of space flight. Among his more recent efforts 
is the organization of human factors research to integrate bio- 
medical work of the Air Force with that of industry, univer- 
sities, and technical agencies. 

General Flickinger’s pre-eminence is evidenced by his many 
awards and his active participation on a number of high-rank- 
ing committees devoted to his special field. A leader in bio- 
astronautics and space travel research, General Flickinger has, 
throughout his career, initiated and participated in endeavors 
that have made significant contributions to the life sciences in 
space and fringe-of-space activities. 
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Herbert Riehl 


Professor of Meteorology 
University of Chicago 


The Robert M. Losey Award 


Established in 1940, this annual award honors the memory 
of Capt. Robert Moffat Losey, a member of the Institute anda 
meteorologic officer of the Air Corps, who was killed at Dom: 
bas, Norway, April 21, 1940, while serving as an official ob- 
server for the U.S. Army. He was the first officer in th 
service of the United States to die in World War II. The 
award carries an honorarium. 


Presented to HERBERT RIEHL 


“In recognition of outstanding contributions to the 
science of meteorology as applied to aeronautics.” 


Herbert Riehl, Ph.D., Associate Professor of Meteorolog 
at the University of Chicago, has carried out studies of the 
jet stream and tropical meteorology which have made him: 
recognized authority in these fields. He is responsible fu 
much of our present knowledge of the jet stream and its rela 
tion to weather systems and the long planetary waves of the 
general circulation. 

Born in Munich, Germany, Dr. Riehl received his earl 
education in Germany before emigrating to the United States 
Receiving an M.S. degree from New York University in 194? 
he joined the Department of Meteorology at the University! 
Chicago as an Instructor that same year. He was awarded! 
Ph.D. by the University of Chicago in 1947. 

During World War II, Dr. Riehl served as a civilian with 
the Office of Scientific Research and Development. He hw 
also been a consultant for the U.S. Army, Navy, Air Fore 
and Weather Bureau. 

When air operations extended into the tropics in World Wa 
II, it was realized that the normal mid-latitude forecastiti 
techniques were inadequate. With this in mind, Dr. Riel 
was granted a one year’s leave of absence from the Universit! 
of Chicago in 1947 to serve as Director of the Institute 
Tropical Meteorology in Puerto Rico. In this capacity, Dt 
Riehl began studies which have led to much of our current ul 
derstanding of the meteorology of the tropics. He is cot 
sidered by many as the leading authority in this country 
tropical meteorology. Dr. Riehl has made many importat! 
contributions to our knowledge of the dreaded hurricané 
which are of immeasurable importance to the safety of # 
operations in the tropics. 


4 
wards tor 
be 
é 
=| 
1 
‘ 


I 


1emory 
e anda 
t Don- 
cial ob- 
in. the 
The 


’ 


or ologi 
s of the 
e him: 
ible for 
its rela 
the 


is 
1 States 
in 1942 
ersity 0 
vardeda 


ian with 
He has 
ir Force 


orld Wa 
recastin{ 
Yr. Riel! 
niversit! 
titute 
city, Dr 
rrent ul: 
e iS Col 
untry 0 
mportatl 
urricané 
ty of at 


Karel J. Bossart 


Asst. to Vice-President, Engineering 
Convair, Div. of General Dynamics Corp. 


The Sylvanus Albert Reed Award 


The late Dr. S. A. Reed, designer of metal aircraft propellers 
and a Founder Member of the IAS, made an endowment to 
the Institute in 1933 to provide an annual award to be pre- 
sented for a notable contribution to the aeronautical sciences, 
resulting from experimental or theoretical investigations 
which have had a beneficial influence on the development of 
practical aeronautics. The award consists of a certificate and 
an honorarium. 


Presented to KAREL J. BOSSART 


“For significant contributions to the design and develop- 
ment of the Atlas Intercontinental Ballistic Missile.” 


Karel J. Bossart, Assistant to the Vice-President—Engi- 
neering, of Convair, a Division of General Dynamics Corp., 
has technical responsibility for all of Convair’s missile pro- 
grams. He has nursed Convair’s missile project through its 
growing pains to its present important roles in the nation’s 
space exploration and defense programs. 

Born February 9, 1904, in Antwerp, Belgium, Mr. Bossart 
graduated from Brussels University in 1925 with a degree in 
mining engineering. He came to the United States that same 
year and entered Massachusetts Institute of Technology 
where he received an M.S. in Aeronautical Engineering 2 years 
later. Working in the aircraft industry in the East until 
early 1941, Mr. Bossart joined Consolidated Vultee’s (now 
Convair) Downey Division as Chief of Structures. Since 
1946 he has been engaged in rocket research, supervising proj- 
ects that developed the MX-774 research rocket and the 
Atlas. Designers under him conceived and developed the 
MX-774, which introduced innovations that now are almost 
universal in large missile design. 

Mr. Bossart kept ballistic missile studies alive and his de- 
Sign group intact with limited company funds between 1947, 
when Defense Department cutbacks took effect, and 1951, 
when Convair was awarded a new contract. By 1953, his 
group had developed what is essentially the present Atlas de- 
sign. 

A United States citizen since 1936, Mr. Bossart is often re- 
ferred to as the ‘Father of the Atlas.” He has been the re- 


Cipient of a number of honors in recognition of his accomp- 
lishments, 


James E. McCune 


Senior Scientist 
Aeronautical Research Assoc. of Princeton, Inc. 


The Lawrence Sperry Award 


This award was endowed in 1936 by the sister and brothers 
of the late Lawrence Burst Sperry, pioneer aviator and in- 
ventor, who was drowned in 1923 at the age of 31 after a forced 
landing in the English Channel. The certificate and honor- 
arium are presented annually for a notable contribution made 
by a young man to the advancement of aeronautics. 


Presented to JAMES E. MCCUNE 


“For outstanding contributions to the theory of flow in axial 
turbomachinery and to the theory of magnetoaerodynamics.”’ 


James E. McCune, Ph.D., has in two important papers 
shown for the first time the true relationship between the 
three-dimensional flow in an axial compressor and turbine and 
the two-dimensional ‘‘cascade”’ flow commonly used to repre- 
sent it. This work not only provides a fundamental under- 
standing of this important class of flow problems, but also 
furnishes practical procedures for evaluating three-dimen- 
sional effects in any particular region. This investigation 
covers subsonic, transonic, and supersonic flow situations and 
shows vividly the effects of changes from one regime to the 
other. In particular, Dr. McCune proved that three-dimen- 
sional transonic flow differs essentially from the correspond- 
ing cascade approximation. His results provide essential 
information concerning both the design of transonic compres- 
sors and the simulation of transonic flow through blade rows. 

In another series of papers, Dr. McCune has investigated 
the effects of magnetohydrodynamic interactions in aero- 
dynamic flows and especially has shown the grossly different 
character of these interactions in different ranges of the mag- 
netic Reynolds number and for different field geometries. 

In both of these fields of research, Dr. McCune’s contribu- 
tions show originality, analytical ability, and thoroughness to 
a degree exceptional in one of his age and experience. 

Dr. McCune graduated in 1953 from Carnegie Institute of 
Technology with a B.S. in Mechanical Engineering. En- 
tering Cornell University’s Graduate School of Aeronautical 
Engineering as a National Science Foundation Fellow, he was 
awarded his Ph.D. in February 1958. From September 1957 
until June 1959, he was Research Associate and then Instruc- 
tor in Aeronautical Engineering at Cornell. He is now Senior 
Scientist of Aeronautical Research Associates of Princeton, Inc. 
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James A. Van Allen 


Professor and Head 
Dept. of Physics and Astronomy 
State University of lowa 


The Louis W. Hill 


Space Transportation Award 


This award is in recognition of research in any or all of the 
fundamental sciences relating to space travel or space tech- 
nology (e.g., take-off, navigation, environmental conditions, 
biological and psychological factors, re-entry, etc.). Es- 
tablished in 1958, it is administered by the IAS through a 
Board of Award on behalf of the Louis W. and Maud Hill 
Family Foundation of St. Paul, Minn. This honor carries 
with it a monetary award of $5,000 to an individual, or up to 
$10,000 in the event of a team contribution. 


Presented to JAMES A. VAN ALLEN 
“By combining simple and direct techniques with great ingenu- 
ity, he established beyond doubt the existence, intensity, and ex- 
tent of the radiation belts above the earth's surface that now carry 
his name.” 


James A. Van Allen, Ph.D., Professor and Head of the De- 
partment of Physics and Astronomy of the State University of 
Iowa since 1951, is well known for his studies of radiation belts 
in space, known as the Van Allen Belts. The results of these 
studies have contributed immeasurably to man’s knowledge of 
the factors with which he must contend in space exploration. 

Born in Mt. Pleasant, Iowa, he received his B.S. in Physics 
from Iowa Wesleyan College in 1935 and his M.S. and Ph.D., 
the latter in 1939, from the State University of Iowa. 

Beginning his professional career at the Carnegie Institu- 
tion of Washington, he joined the Applied Physics Laboratory 
of Johns Hopkins University in 1942, remaining until 1950 
with a 4-year interruption for service in the Naval Reserve. 
During his tenure at APL, he supervised the high-altitude re- 
search group and proximity fuze unit. In this capacity he en- 
gaged in high-altitude experiments in cosmic rays, atmos- 
pheric ozone, geomagnetic field, ultraviolet solar spectroscopy, 
and high-altitude photography of the earth, pioneering in the 
use of V-2 rockets for this work. He supervised the develop- 
ment of the Aerobee rocket and its use for similar research. 
This involved organizing and leading the first two of a series 
of expeditions for scientific research to various parts of the 
globe. 
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William J. Rae Ronald Stearman 


IAS Minta Martin 
National Student Awards 


The Minta Martin Aeronautical Student Fund was es. 


tablished by the late Glenn L. Martin in honor of his mother | 


who encouraged him in his aviation pursuits. It is adminis. 
tered by the IAS to encourage aeronautical engineering edu- 
cation. This is accomplished in part through several annual 
regional student conferences where students have the op- 
portunity to present original technical papers in competition 
for cash awards. From among the first-prize graduate and 
undergraduate papers of all conferences, national awarl 
winners are chosen by a board of eminent scientists and eng: 
neers. The winners receive engraved plaques for outstanding 
achievement, duplicates of which are presented to their un- 
versities. 


Presented to 
WILLIAM J. RAE and RONALD STEARMAN: 
cowinners, Doctorate Division 
E. BRIAN PRITCHARD: Master’s Division 
CHARLIE M. JACKSON, JR.: Undergraduate Division 


Competition in the Doctor’s Division resulted in a tie this 
vear between William J. Rae, Cornell University, and Ronald 
Stearman, California Institute of Technology. 

Dr. Rae is now employed by Cornell Aeronautical Labora- 
tories, Inc. His paper, ‘‘Viscous Effects in Steady, Two: 
Dimensional, Potential Flow at Supersonic Speed,” won the 
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Manned Space Stations Symposium to Hear Ramo on April 20; 


Guidance, Military Aircraft Meetings Added to Year’s Agenda 


Merits of Free Enterprise in Space Programs to Be Evaluated 


Sah Ramo, Executive Vice-President 
of Thompson Ramo Wooldridge Inc., 
will be banquet speaker at next month’s 
IAS-NASA-RAND Manned Space Sta- 
tions Symposium. The dinner will be 
held in the Ballroom of Los Angeles’ 
Ambassador Hotel the night of Wednes- 
day, April 20. Dr. Ramo, a Fellow of 
the Institute, is an acknowledged leader 
in research and development in con- 
nection with space technology. The 
subject of his discussion will be, “Can 
Free Enterprise Launch Space Plat- 
forms?” 

The technical portion of the program 
for this meeting has had one addition, 
as well as several substitutions. The 
additional paper, “The Military Test 
Space Station,”’ by Col. Lowell B. Smith, 
USAF, Chief, Space Systems Office, 
ARDC, Wright Air Development Divi- 
sion, is scheduled for the April 20 morn- 
ing session on Current Status. 

The last paper in the afternoon session 
of that same day, Space Station Design 
Concepts, is now, ““The Economic and 
Logistic Aspects in the Design of a 
Manned Space Station,” by Joseph H. 
Doss, Manager, Design and Systems 
Integration, Aero-Space Div., Boeing 
Airplane Co. On April 22, the next to 
last paper in the morning Attitude 
Sensing and Control session has been 
changed to “Attitude Control of a Space 
Vehicle by a Gyroscopic Reference 
Unit,” by Marvin L. Chatkoff, Staff 
Engineer, and Lewis G. Lynch, Systems 


Engr., Missile Development Lab., 
Honeywell Aeronautics Div., Min- 
neapolis-Honeywell Regulator Co. The 


Power Sources session, also on the morn- 


Doctorate Division award at the Northeastern Conference. 
Cowinner in this division, Ronald Stearman, received his B.S. 
in Mechanical Engineering from Wichita University. Now 
employed at C.I.T., his paper, “Small Aspect Ratio Membrane 
Flutter,” was read at the 1959 West Coast Conference. 
Master's Division winner is E. Brian Pritchard, who re- 
ceived his B.S. and M.S. in Aeronautical Engineering at Vir- 
gina Polytechnic Institute. He is now an Aeronautical Re- 
search Engineer with NASA’s Langley Research Center. 
_ Charlie M. Jackson, Jr., who received his Bachelor’s degree 
in Aeronautical Engineering at V.P.I., is the winner in the 


ing of April 22, will have as its next-to- 
the-last paper, ‘Integrated Thermo- 
dynamic Systems for Manned Space 
Stations,” by Michael G. Del Duca, 
Senior Engineering Specialist, Andrew 


Simon Ramo 


c +7 


t Speaker 


D. Babinsky, Research Engineer, and 
Floro D. Mirabaldi, Staff Consulting 
Engineer, Research and Engineering 
Requirements-Tapco Group, Thompson 
Ramo Wooldridge Inc. 


Guidance Meeting Program Outlined 


A general session outline has been es- 
tablished by the Technical Program 
Committee for the Specialists Meeting 


+ + 


IAS Minta Martin 
National Student Awards 


(Continued from page 26) 
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Undergraduate Division. 
search Engineer at NASA’s Langley Research Center. 

Both Mr. Pritchard’s paper, ‘“The Stability of Several Mis- 
sile Nose Configurations in Hypersonic Flow,” and Mr. Jack- 
son’s, ‘‘Laminar Boundary-Layer Control by Magnetogas- 
dynamic Techniques, 
ference last April. 

The awards were presented at a luncheon held at the 
Twenty-Eighth Annual Meeting, with duplicates of the 
plaques presented to each winner’s IAS Student Branch Fac- 


on Guidance of Aerospace Vehicles, 
scheduled for May 25-27, in Boston, 
Mass. Session titles and their arrange- 
ment have been agreed upon as follows: 
Wednesday, May 25—morning, Satel- 
lite Rendezvous; afternoon, Mechaniza- 
tion Techniques; Thursday, May 26— 
morning, Attitude Control; afternoon, 
Special Problems in Guidance and Con- 
trol; and Friday, May 27—morning, 
Interplanetary Guidance. 


Future of Manned Military Aircraft 


An already substantial meetings cal- 
endar for the coming year has been made 
even more notable by the addition of a 
meeting on the Future of Manned Mil- 
itary Aircraft. Scheduled for August 
1-3, it will be held in San Diego, Calif. 

Previously announced meetings, in 
addition to those mentioned above, are 
this month’s Flight Propulsion Meeting 
in Cleveland, Ohio; participation by the 
TAS in the IRE Aeronautical Elec- 
tronics Conference in Dayton, Ohio, 
May 2-4; cosponsorship of the National 
Telemetering Conference in Santa Mon- 
ica, Calif., May 23-25; Summer Meet- 
ing in Los Angeles, Calif., June 28-July 
1; Second International Congress of the 
International Council of the Aeronauti- 
cal Sciences (ICAS) in Zurich, Switzer- 
land, September 12-16; Midwestern 
Conference on Air Logistics in Tulsa, 
Okla., October 3-5; CAI-IAS Joint 
Meeting in Montreal, Canada, October 
17-18; Symposium on Hypervelocity 
Techniques, Denver, Colo., October 20— 
21; and The Wright Brothers Lecture 
in Washington, D.C., on December 17. 


He, too, is an Aeronautical Re- 
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were read at the Southeastern Con- 
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TCEA Offers One-Year Course 


The Training Center for Experimental 
Aerodynamics, Rhode-Saint-Genése, Bel- 
gium, is now receiving applications for 
entry from graduate engineers and scien- 
tists for the one-year diploma course in 
experimental aerodynamics for the aca- 
demic year October 3, 1960, to July 1, 1961. 
The Center, which was founded in 1956 
as an international! institution under the 
chairmanship of Professor Theodore von 
Karman for training in experimental aero- 
dynamics, has a well-equipped range of 


Milton B. Ames, Jr. (F), has been 
named Deputy Director of the Office of 
Advanced Research Programs in the head- 
quarters of the NASA. Mr. Ames was 
formerly Assistant Director of Research 
for Aeronautics and Flight Mechanics. 


Arnold R. Beckhardt (M) has been 
appointed Functional Manager of Product 
Support and Technical Publications at the 
Owego facility of IBM Federal Systems 
Division. Mr. Beckhardt was Senior 
Engineer, Manager of Flight Evaluation 
Supervision at the facility prior to his 
recent assignment. 

John F. Brahtz (AF) has joined with 
several of his teaching colleagues at 
Stanford University and University of 
California to establish the firm John F. 
Brahtz Associates, Consultants-Engineers 
in Los Angeles. The firm is concerned 
with conceptual development, design and 
technical management for ground support 
installations. This organization has fur- 
ther combined with others to form the 
joint-venture firm of Bradshaw, Brahtz, 
Hamel & Neptune Associates, Architects- 
Engineers. 


Maurice Nelles (M) has joined American Elec- 
tronics, Inc., in the newly created post of Vice- 
President—Engineering. Dr. Nelles was for- 
merly Vice-President—Research and Develop- 
ment and Chairman of the Corporate Product 
Planning Committee of Crane Co. 


modern wind tunnels in its laboratories 
near Brussels. 

There are no fees for this course and a 
number of student fellowships to cover 
living expenses are available. Students 
are required to be fluent in either English 
or French and citizens of one of the NATO 
nations. 

Further information and application 
forms, to be returned by March 19, 1960, 
can be obtained from: The Director, 
Training Center for Experimental Aero- 
dynamics, 72, chaussée de Waterloo, 
Rhode-Saint-Genése, Belgium. 


Harlan A. Dewell (M) has been ap- 
pointed Manager of The Garrett Corpora- 
tion’s Los Angeles military relations 
office. Mr. Dewell was previously with 
The Garrett Corporation’s AiResearch 
Manufacturing Div. as Project Engineer 
for Missile Systems. 


A. P. Fioretti (A) has been appointed 
Manager—San Francisco territory for 
General Electric Company’s Flight Pro- 
pulsion Field Sales Operation. Prior to 
his new assignment, Mr. Fioretti was 
Manager of CJ-805 Application Engi- 
neering for General Electric’s Flight 
Propulsion Div. 


Wayland C. Griffith (M), formerly 
Associate Director of Research with re- 
sponsibility for spacecraft and missiles, 
has been promoted to Assistant Director 
of Research for Lockheed Missiles and 
Space Div. 

Bernhard A. Hohmann (AF), formerly 
Senior Staff Member and Chief Aero- 
mechanical Section, Atlas Weapon System 
of the Space Technology Labs., Inc., has 
been appointed Project Engineer for the 
Atlas-Mercury Program, responsible for 
the STL’s participation in the Mercury 
Program. 


Richard B. Hubbard (M) has joined 
Roylyn Inc. as the firm’s Vice-President 
and member of the Board of Directors. 
Mr. Hubbard was formerly Vice-President 
and Assistant to the President of the 
Pacific Airmotive Corp. 


Col. Leigh H. Hunt, USAF (Ret.) (M), 
has joined Sperry Utah Engineering 
Laboratory, a division of Sperry Rand 
Corp., as a Representative. Prior to his 
recent retirement from the Air Force, 
Colonel Hunt was stationed at Hill AFB, 
Utah. 


William R. Hutchins (M), formerly 
Chief, Ballistic Missiles Defense Branch 
of the Department of Defense Advance 
Research Project Agency (ARPA), has 
been named to the newly created post of 
Scientific Liaison Officer for Raytheon Co. 


Jerome C. Joerger (M) has been named 
Manager of the Aeronautical Div. of 
Aerojet-General Corp. Mr. Joerger was 
previously in charge of the division’s 
Systems Design Dept. 


Loren F. Jones (AF) has been named 
Manager, Product Planning, Communica- 
tions and Industrial Electronic Products 


‘tablishment, 


elected President of the International Telephone C4 
and Telegraph Corp.'s ITT Labs. and ITT Federd 
Divs. 


Operations Div., Radio Corp. of America, 
Prior to his new assignment, Mr. Jone 7 
was Manager of Product Planning for 
RCA’s Electronic Data Processing Diy, 
G. N. Lance (M) has been appointed 
to take charge of the newly formed con- 
puter group at the Atomic Energy Bs 
Winfrith Heath, Dorset 
England. Until recently, Dr. Lance wa 
director of the computation laboratory 
at the University of Southampton. 
William C. Leone (M), formerly Man- 
ager of the Industrial Systems Diy, 
Products Group, Hughes Aircraft Co., has 
been named Vice-President and General 
Manager of Rheem Califone Corp., 1 
subsidiary of Rheem Manufacturing © 
Arthur L. Lowell (AF), formerly Missik 
Development Test Manager for Lockheet 
Missiles and Space Division, has _ been 


J. David Marks (M), who has been associated | 
with Lehigh Valley Industries, Inc., since lot 
September, has been elected Vice-President- 
Production and Engineering of the company. 
Prior to joining Lehigh, Mr. Marks was Manager 
of Engineering for G-V Controls, Inc. 


7a aia I. Nevin Palley (AF), formerly Senior Vice. | 
President of Temco Aircraft Corp., has been 
| 
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AiResearch is now in production on 


ic two greatly simplified hot gas steering 
pointed control systems: a reaction control 
d com 7 system for outer space flight stabili- 
rgy Es zation and a hot gas actuator control 
boa system for terrestrial steering (in the 
orallll atmosphere and under water). 

— Both systems eliminate any need for 
y Ma pumps, heat exchangers, accumulators 
s Dat and other apparatus required in ear- 
Co., his lier control systems. And both systems 
Genet utilize hot gas, operating off either the 
‘ng Oh main engine or a separate fuel source. 
Mis The gas in the outer space reaction 
oka control system is fed into a set of noz- 
as be zles which imparts spin to the missile 

to stabilize its flight through space. 

— In the terrestrial hot gas actuator 
nce control system the gas is fed into an 
esidalll on-off controlled linear actuator which 
compan: moves the fins controlling the missile’s 
Manage attitude in the atmosphere or under 


water. This system also utilizes a con- 
cept developed from the AiResearch 
hydraulic “printed circuit.” This 
approach eliminates complicated 
plumbing, thereby decreasing the 
weight and increasing the reliability 
of the system. 


AiResearch is a pioneer, leading developer and manufacturer 
of hot gas systems and other nonpropulsive power systems 

for atmospheric, underwater and outer space missions. 

Your inquiries are invited. 


COR AT (ON 
AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 
Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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named Assistant Polaris Development 
Manager for the Division. 


Rear Adm. A. B. Metsger, USN (Ret.) 
(AF), has been appointed Assistant to the 
President of The Marquardt Corp. Prior 
to his recent retirement from the Navy, 
Admiral Metsger was a member of the 
Space Technology Panel, Editorial Ad- 
visory Committee of AERO/SPACE ENGI- 
NEERING. 

Allan G. Norem (M), formerly Chief, 
Structures Section for the Aerophysics 
Development Corp., has joined the Tech- 
nical Staff of the Advanced Research 
Projects Div. of the Institute of Defense 
Analyses, Washington, D. C. 

Bernard H. Paiewonsky (A), formerly 
Associate Research ,Engineer, has been 
promoted to Senior Research Engineer 
for Aeronautical Research Associates of 
Princeton, Inc. Mr. Paiewonsky will be 
responsible for the company’s studies of 
the motion and control of space vehicles. 

August Raspet (AF), Head of the Aero- 
physics Dept. of Mississippi State Uni- 
versity, was cited by the National Pilot’s 
Association at its Wright Brothers Dinner 
on December 17. Dr. Raspet was hon- 
ored for ‘‘his outstanding accomplishment 
and practical application of aircraft drag 
reduction and lift augmentation. ...’’ 

William Solomon (M) has been ap- 
pointed Chief Airframe Engineer of 
Bendix Products Div.—Missiles, Bendix 
Aviation Corp. Mr. Solomon was for- 
merly associated with North American 
Aviation, Inc. 

Roman M. Spangler, Jr. (M), formerly 
Flight Test Engineer with the Lycoming 
Div. of Avco Manufacturing Corp., has 
been named Chief of Flight Test for 
Vanguard Air and Marine Corp. 

Richard R. Waer (M) has been pro- 
moted to Senior Scientist, Missile and 
Space Systems, ITT Laboratories. Mr. 
Waer was previously an Executive Engi- 
neer with this ITT Corp. division. 

Earl A. Weilmuenster (M) has joined 
the technical staff of the United Research 
Corp. of Menlo Park as Assistant Manager 
of the Propellant Development Branch. 
Prior to his association with URC, Dr. 
Weilmuenster was Director of Fuels 
Research of the Energy Div., Olin 
Mathieson Chemical Corp. 

Carl J. Wenzinger (AF) has been 
named Assistant to the President of Cook 
Electric Co. and assigned to the firm’s 


Necrology 


Robert A. Frazer 


The Institute has received news of the 
death of Robert A. Frazer (F) at his home 
in Ockham, Surrey, England, on December 
10,1959. His age was 68. 

Dr. Frazer, a Fellow of the Royal Aero- 
nautical Society, was Deputy Chief 
Scientific Officer of the Aerodynamics 
Division, Nationat Physical Laboratory, 
prior to his retirement in 1954. He wasa 
member of the Mechanics Committee of 
the Aeronautical Research Council. 
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Washington, D. C., office as Special 
Representative for Research and Develop- 
ment. His previous responsibilities have 
included those of Staff Director—AERO/ 
SPACE ENGINEERING, and Executive En- 
gineer—Advance Planning. 


tas News 


Corporate Member News 


Raymond T. Zwack (M) has joined The 
Liquidometer Corp., Long Island City 7 
N. Y., as Manager of Industrial Prodyct: 
and Systems Development. Mr. Zwack 
was formerly Manager of the Developmen; 
Engineering Division of Solar Aircraft Co 


e@ General Dynamics Corp. has announced 
that through an exchange of shares, Ma- 
terial Service Corp. was merged into 
General Dynamics as the Material Service 
Div., effective January 1. 

@ General Electric Co. has announced the 
formation of a new defense systems en- 
gineering company, Apparatenindustrie 
Defense Electronics N. V., in The Hague, 
Netherlands. The function of the com- 
pany, to operate as a wholly owned sub- 
sidiary of G.E., will be to participate with 
the NATO countries in integrating their 
engineering, manufacturing and manage- 
ment capabilities. 

@ Kollsman Instrument Corp. has an- 
nounced the formation of a subsidiary in 
West Germany, Kollsman Luftfahrte 
Instrument G.m.b.H. The new com- 
pany’s functions will be in the development 
of the aircraft and guided missile programs 
for the German Defense Ministry and 
Common Market. 

© Lockheed Aircraft Corp. has announced 
the establishment of a new Aerospace 
Technology Dept. at its Georgia Division. 
The department will conduct a program 
involving systems analysis to define the 
most desirable and suitable vehicle sys- 
tems, project study to acquire the neces- 


News 


sary technology for system design and 
proposal, and applied research in selected 
theoretical and experimental areas { 
provide a demonstrated problem-solving 
ability. 


© Radio Corporation of America has signe) 
a lease as major tenant in a new 13-story & 
office building in Washington, D.C., whic) § 

has been named the RCA building. RC4 
will consolidate in this building most ofits 7 
Washington operations. 


e Ryan Aeronautical Co. has acquired the 
Aerolab Development Co. of Pasadena, J 
Calif., as a wholly owned subsidian 
Aerolab’s function is specialization in 
aerophysics research. 


e Thompson Ramo Wooldridge Inc. ha 
acq'ired Radio Industries, Inc. Th 
company will continue to operate autono- 
mously as a subsidiary of TRW. 


United Aircraft Corporation’s Hamiltw 
Standard Division has announced the 
completion of negotiations for the purchas 
of a 50 per cent interest in Microtecnica, | 
Inc., of Turin, Italy. The Italian con. 

pany will undertake the manufacture ¢ 

Hamilton Standard products through 
licensing for individual items in the je} 
equipment line. 


IAS Sections | 


Great Salt Lake Section 


Physicist Sees Great Progress 
in Space Science 


Space science will be much more active 
with the advent of the radio telescope, the 
knowledge of nuclear physics and the 
interest of the people in basic research; 
therefore, we can expect to see great prog- 
ress at a faster rate than before. This 
was the conclusion drawn by Dr. Robert 
R. Kadesch, Assistant Professor of Physics 
at the University of Utah, before the 
December 4 meeting. 

In his discussion, ‘““How a Physicist 
Looks at Space,’’ Dr. Kadesch stated 
that the universe is not static, but that 
changes are constantly taking place. 
He also stated that the study of space 
science demands a universal point of 
view which would involve every talent 
there is. Even the simplest phenomenon 
which heretofore has been unanswered 
may be an important factor in solving 
the space problems; he cited as an example 
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the skipping of a rock on the sandy beac! 
as an analogy to the re-entry probler 
facing the space flyer coming back t 
earth. 

Dr. Kadesch pointed out that a cor 
tinual study of the solar atmosphere ha 
enabled man to get a better understanding 
of space and that changes in basic pli: 
losophy have been brought about by tlt 
improvement of equipment for scientifi 
use. For example: Some years 4 
it was believed that sun spots caus¢ 
cyclic changes on the earth. Particular! 
noticeable was the effect on radio com 
munications. More recently, it has bet! 
shown that solar flares have an extreilt 
influence on the earth, and within abot! 
24 hours after they are formed, radio al 
communications circuits are severely # 
tacked. In fact, intercontinental col! 
munications circuits are blocked, inclu 
ing cable circuits. There are still som 
unanswered problems: for instance, tl 
temperature on the surface of the su! 
is about 5,000°C, whereas away from th 
sun, temperatures rise to about one ml 
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from Weston— 


a new package concept — 


& DAYSTROM UNIT 


for AC-DC 


laboratory standards 


time-saving, easy-to-operate calibration consoles— 


accurate within 0.5% of indicated value 
UR There’s remarkable simplicity and precision in these 
Weston AC and DC Calibration Consoles — design sim- 
plicity that is readily apparent in clean, uncluttered 
panels ... operating simplicity that now enables one 
operator to perform the work in 13 the time previously 
required by two skilled operators... with the precision 
of Weston engineering and craftsmanship that assures 
ultimate accuracy. Highly stable and readily adjust- 
able, these consoles are truly value-packed. 

Unique switching networks automatically divide 
scales into any number of equal parts regardless of 
; range. It’s no longer necessary to calibrate each check- 
; point or set up extra equipment to obtain required out- 
puts. Operation is reduced to four or five simple steps. 

These consoles typify Weston 
. leadership in long-term reliability 
and stability. All are supplied in 
blue-gray cabinets or ready for 
mounting in standard 19” rack pan- 
els. Also available: an oil bath which 
accommodates up to 12 Weston 
Normal Standard Cells . . . main- 
tains temperatures within .01C. Re- 
movable racks also fit baths at U.S. 
Bureau of Standards. 

For full information, contact your 
local Weston representative ... ov 
write to Daystrom-Weston Salés 
Division, Newark 12, N. J. In 
Canada: Daystrom Ltd., 840 Cale- 
donia Rd., Toronto 19, Ont. Export: 
Daystrom Int’l., 100 Empire St., 
Newark 12, N. J. 


WESTON 


WORLD LEADER IN MEASUREMENT AND CONTROL 
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lion degrees. From temperature studies, 
it is firmly established that the earth is 
in the sun’s atmosphere. 

It is unlikely that there is any intelligent 
life on the planets in this solar system, 
so that space travel beyond our solar 
atmosphere and knowledge of other sys- 
tems would be more interesting and 
valuable. As a matter of fact, it is 
quite probable that there is intelligent 
life equivalent to that on earth in the 
atmosphere of other stars. Since bil- 
lions of galaxies have billions of stars, the 
existence of billions of earth-type planets 
is possible. It is approximately 200 
million years to some of the nearest 
galaxies and about 10 billion years to 
some of those farther away. Seeing these 
stars and galaxies is also a measure of 
the age of our universe and from the more 
recent studies, Dr. Kadesch asserts that 
the age of our universe may be at least 
10 billion years. 

Much of our present information has 
come from the famous 200-inch telescope 
located at Mt. Palomar in California, 
though, more recently, extremely interest- 
ing results have been obtained from a 
radio telescope located in Jodrell Bank, 
England. So interesting have been these 
data that the Naval Research Laboratory 
at Washington, D.C., is building a radio 
telescope near Sugar Grove, West Vir- 
ginia. This steerable radio telescope will 
be of unprecedented size and more com- 
plex than any similar equipment anywhere 
in the world. The diameter of the an- 
tenna will be larger than the Washington 
monument, and the exposed area will be 
7 acres. The use of this equipment in 
the solution of cosmology problems will be 
immense, partly because the band width 
is much wider than the optical telescope. 
In other words, we shall have an entirely 
new look at the stars, which should prove 
intensely interesting. Dr. Kadesch 
showed slides of radio telescope data of 
the Milky Way obtained from the English 
telescope. 


L. Koerner, Secretary 


W. Stanger (left), 1958-59 Section Chairman, applauds as D. Jamison (center), 1959- 


60 Section Vice-Chairman, introduces Dr. V. V. Holmes, Project Engineer, Advanced Design 
Section, Transport Aircraft, Douglas Aircraft Co., Inc., guest speaker at the Nov. 17 meet- 


ing of the Dayton-Cincinnati Section. 


Dr. Holmes discussed the technical and operational 


problems concerned with the development of supersonic transport aircraft. 


Hagerstown Section 
High-Speed Naval Vessels 


The use of aerodynamic foils was sug- 
gested as a solution to the problem of 
increasing the speed of boats by Com- 
mander Harry D. Keller at the December 
dinner meeting. Speaking on ‘“High- 
Speed Naval Vessels,’”’ Commander Kel- 
ler, USN, Technical Officer, Fluid Me- 
chanics, Office of Naval Research, sum- 
marized the historical problems involved, 
including the problem of water displace- 
ment and wave formation at the discon- 
tinuity between sea and air. Aerody- 
namic foils to lift the hull out of the water 
at high speeds are normally used in one of 
the following types: the self regulating 
“V”’ foil, the submerged foil with mechani- 
cal ‘‘feelers’’ in front of the boat and the 
submerged foil with ‘depth sensing”’ 
controls. 


Chairman R. W. Cole (left) is pictured with participants in a New York Section program 
which took up “Selection of Lunar Probe Trajectories” on Dec. 10 at Arma Div., American 
Bosch Arma Corp. Also shown (left fo right) are Morris Yachter, M. J. Molny, and P. W. 
Chapman, all of Arma’s Space Research Staff. The group is examining a lunar trajec- 


tory analyzer developed at Arma. 
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An official U.S. Navy motion picture, 
“Hydrofoils,’” was shown to _ illustrate 
these three principles in operation. 


J. C. Maycock, Secretary 


Los Angeles Section 


Year-End Activities 


The Wright Brothers Lecture, given by * 


Dr. Alexander H. Flax, Chief Scientist, 7 


USAF, was the highlight of the December 


21 dinner meeting. The lecture, “Hight 


Temperatures in Hypersonic Flow-Phys- 


ical Principles and Experimental Tech- 9 
niques,’’ was attended by 110 members. 


4 


> The December 8 Specialists Meeting)” 


presented Dr. 
Jet Propulsion Laboratory 
Speaking on “A Resonance Tube it} 
Supersonic Flow,” Dr. Vrebalovich ef 


plained the mechanism of a temperature,” 


higher than free stream stagnation tem) 
perature, being generated in a cylinde! 
placed in a supersonic stream with the) 
downstream end closed. For 
conditions a given mass of air stays it)” 
the tube and is treated to a series of shod) 
wave compressions. The discussion wa 
based on theory and measured result 
and was illustrated by motion pictures 
> Repertory of Early Flight Films we 
the subject of the November 30 historic!” 
meeting. Before an audience of 40/7 
members and guests, Zeno Klinke” 
writer and aviation enthusiast, gave 
commentary on films covering 200 event 
in the development of flight. Earl 
ballooning, the Wright brothers’ wort 
World War I, racing, oddities, and evenly 
up to the X-15 were included. 

S. J. Cotsy, Secrelany 


Channel Cities Subsection 
Satellite Orbiting 


Jack N. Nielsen (AF), a partner #7 
Vidya Associates, was guest speaker °7) 
the December 15 dinner meeting of thy, 
subsection. Dr. Nielsen presented 9 


Thomas Vrebalovich 
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FROM COW PASTURE... TO CANAVERAL! 


Meeting 


vich 
ee From the era of the “$2 ride” to today’s million dollar blast off’s, the 
ich ex success of air vehicle performance has hinged on the reliability of com- 
sg. 4 ponents. Since 1933, Pesco products have been: acclaimed for their 
cylindell proven dependability. As man prepares to meet the new challenges of 
vith they flight, imaginative Pesco engineers are developing new concepts of reli- 
ability and . . . through creative engineering . . . are translating them 
of chod into precision components to deliver volatile fuel, control the flow of 
sion Wa hydraulic power, actuate guidance devices, generate and convert precise 
-_ a power, and cool vital working parts. Because today’s high mach aircraft 
ios we demand fail-safe operation, Pesco designs and builds components to 
nistoricd| meet and exceed all anticipated requirements to provide assured perform- 
“a ance under critical operating conditions. 
gave ! 
ae PESCO PRODUCTS ASSURE RELIABLE PERFORMANCE 
Earl 
od event FOR AIRCRAFT, MISSILES, AND SPACECRAFT 
Secret CONSULT PESCO FIRST FOR 
YOUR SPECIALIZED REQUIREMENTS IN... 
e STATIC INVERTERS 
PESCO PRODUCTS DIVISION e FREQUENCY CHANGERS 
BORG-WARNER CORPORATION 
artner ii 24700 North Miles Road ¢ Bedford, Ohio © AUXILIARY POWER SYSTEMS 
peaker Jy ELECTRIC POWER GENERATION 
“a S791-PC EXPORT SALES: Borg-Warner International Corp., 36 South Wabash Avenue, Chicago 3, Illinois 
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J. C. M. Frost, guest speaker at Niagara Frontier Section meeting, is shown touring 


Cornell Aeronautical Lab. Richard Koegler (right), Section Chairman, serves as guide. 


authoritative discussion on satellite or- 
biting and the associated problems of 
altitude stabilization, effect of the atmos- 
phere, spiral decay, oblateness, and in 
general, the dynamics of the terminal 
phase. 


HERBERT J. Spey, Secretary-Treasurer 
Niagara Frontier Section 
Development of the AVROCAR 


J. C. M. Frost, Chief Design Engineer 
for VTOL Aircraft of AVRO Aircraft, 
Ltd., discussed the ‘Development of 
the AVROCAR Air-Cushion - Free-Flight 
Vehicle’’ before the November 18 meeting 
in the auditorium of Cornell Aeronautical 
Laboratory, Inc. 

Mr. Frost traced the development of 
the family of test vehicles that led to 
the AVROCAR, going back to 1953 
when it was discovered that a circular jet 
curtain would provide a suitable ground 
effect with reduced power requirements. 
He pointed out that the ground cushion 
effect is extremely stable in the vertical 
mode, listing the advantages of the cir- 
cular shape. Free air vertical thrust is 
achieved above the ground effect region 
by the focussing or tilting inwards of the 
annular jet curtain. The mechanics of 
accomplishing transition to horizontal 
flight involves tilting the machine nose 
down to obtain a horizontal thrust com- 
ponent and accelerating horizontally until 
the wing action of the vehicle is capable 
of sustaining its weight. Mr. Frost 
discussed the significant characteristics 
of various types of air-cushion vehicles 
studied at AVRO. 


J. M. Corp, Secretary 


Omaha Section 
Essentials of Einstein’s Theory 


S. M. Haley (AF), Operations Analyst, 
Headquarters, Strategic Air Command, 
discussed ‘“‘The Postulates of Einstein’s 
Theory of Relativity,” before the De- 
cember 17 section meeting. 

Mr. Haley stated that Einstein’s 
theory of relativity is actually three 
theories, the special theory, the general 
theory and the unified theory. The spe- 
cial theory, the initial work, is based on 


two postulates briefly stated as the postu- 
late of the relativity of all motion and 
the postulate of the nonvariance of the 
velocity of light. The special theory 
considers unaccelerated motion and is the 
source of the famous mass-energy ex- 
pression e = mc®. The general theory is 
based on two additional postulates, the 
principle of convariance and the principle 
of equivalence. The general theory con- 
siders accelerated motion and is the basis 
for Einstein’s theory of gravitation. The 
third theory, the unified theory, is an 
extension of the previous works to include 
the fact that all matter consists of elec- 
trically charged particles and is to be 
regarded as a part of the electromagnetic 
field. This third theory Einstein was 
unable to evaluate with experimental 
results. As an application of these 
theories, Mr. Haley discussed briefly 
Einstein’s concept of ‘‘curved space.” 


MicHaEL J. McALIsSTER, Secretary 


San Francisco Section 


Surface Effects on 
Materials in Near Space 


Dr. Francis J. Clauss, Research Scien- 
tist in the Metallurgy and Ceramics 
Department of Lockheed Missiles and 
Space Division, discussed ‘‘Surface Ef- 
fects on Materials in Near Space,’ 
before the December 17 dinner meeting. 
His discussion covered two aspects of the 
subject, the problems of temperature- 
control surfaces, and the wear and seizure 
of gear and bearing surfaces. 

Dr. Clauss indicated that temperature 
control of spacecraft is a radiation prob- 
lem, not an aerodynamic heating one, 
since space is essentially a vacuum. In 
passive (stationary) systems, the desired 
temperature is attained by properly 
tailoring the amount of radiant energy 
received and emitted. He pointed out 
that 99 per cent of radiant energy re- 
ceived by spacecraft lies in region of the 
spectrum below 4 microns (40,000 Ang- 
stroms) wavelength. This range, of 
course, includes the visible spectrum 
from 4,000 to 7,000 as well as the 
infrared above 7,000 A. Proper regula- 
tion of energy received and emitted, he 
noted, depends upon the value of the 
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alpha-over-epsilon ratio (a/e), as a fune. 
tion of wavelength. This ratio expresses 
the relative ability of materials to absorh 
high temperature radiation from the sup 
and then to reradiate it at a lower tempera. 
ture. Polished metals are examples of 
solar absorbers. These have alpha-over. 
epsilon ratios of about 3 or better, and 
“run hot.” Solar reflectors, on the 
other hand, have low alpha-over-epsiloy 
ratios, “run cool,’ and have values oj 
a/e generally less than 0.3. White 
oxides (Rokide) are an example of this 
latter category. To give some appre. 
ciation for the equilibrium temperature 7 
attained by a spherical satellite in ap. 

proximately a 200-mile orbit, Dr. Claus; 

said that a change from polished metal to 

a surface like aluminum oxide corte. 

sponded roughly to a temperature chang 7 
from 95°C to —60°C respectively. 


‘ 
I 
i 


Experience with the Explorer, Van. | 
guard, and Pioneer satellites has indicated 7 
that internal spacecraft temperatures © 
can be kept within design tolerance 
For example, the internal temperature 
design specification for Explorer I wa 7 
—5° to +50°C. The actual temperature 
range experienced was +5° to +40°C 
while the external surface temperatur | 
varied from —25° to +75C. In the 
future, however, new and _  additiona | 
design requirements will dictate wider | 
variations in the alpha-over-epsilon ratio, 7 
and active (nonstationary) controls wil 
be needed. Active controls, he said, wil 9 
use mechanical devices like shutters ¢ ~ 1 
rotating fan blades, and expose surfacs > 0 
with the right ratio, as the condition 1 
demand. fc 


Wear and seizure of bearings in spac tl 
applications arise from the removal «i 7 d 
absorbed surfaces normally present eve ti 
on the cleanest surfaces in the atmosphere Ww 
Dr. Clauss observed that while it i 
difficult to lubricate moving parts con: 
ventionally in space, especially designe 
greases have lasted 100 hours or more it 
vacuum on the order of 10-5 or 10~® mn 
Hg. Other means of providing lubric- 
tion in space are with thin films of solid 
lubricants, and the mating of widel 
dissimilar materials. With respect t 
solid lubricants, silver or gold are ver 
good materials because of their low she 
strength. Similarly, molybdenum dist 
fide is also good, but in addition, it has: 7 
lubricative advantage because of it} 
lamellar type of crystal structure. Sp 
cifically, sulfur is released at the crystal: 
lographic planes during sliding actio 
the sulfur doing much the same job fu 
molybdenum disulfide as absorbed watt! 
vapor does for graphite. The sulfur 
atoms are part of the structure, howevel, 
and are not lost in vacuum as would & 
the water vapor. Other good solid lubt 
cants are nylon and teflon, but thet 
main disadvantage is poor radiatitt 
stability. Seizure in high vacuum 5 
minimized by use of dissimilar materia 
glass, sapphire, pyroceram or carbides ! 
contact with steel or other metal part} 
The main difficulty in the use of thet! 
solids lies in their susceptibility to tl 
high impact loads and vibration durit{ 
launching. 


N. R. BeRGrRun, 
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Seattle Section 


func. 

a Fundamentals of MHD 

iDsorh 

le sun Dr. Yusuf A. Yoler (A), Head of the 

npera- Flight Sciences Laboratory of the Boeing 

les of Scientific Research Laboratories, pre- 

-over- | sented “A Review of Magnetohydrody- 

r, and | namics” at the December 2 dinner meet- 

1 the ing. 

-psilon — In the first of a series of meetings 

ues of planned by the Seattle section to provide 

White fundamental information in areas where 

of this | the technology is changing rapidly, Dr. * 

appre Yoler described and expanded on basic 

ratures | electro-magnecit principles. After dis- the word for advanced : 

in ap- cussing the use of MHD in generating j 

Clauss conditions for a controlled thermo- h l ° h d ; 

etal to nuclear reaction and the containment of tec no Ogy 1n t c esign, 3 

corre. the reaction, Dr. Yoler concluded with 4 

chang the observation that while MHD is an d l d F 3 

: extremely interesting field for the physicist, eve opment an manu 4 
practical engineering applications are pain 

, Var. as yet very limited. facture of prectston 

dicated Joun K. Wimpress, Secretary 

sratures 


explosive components. 


erature Tylsa Section 


I was 
erature ARDC Projects 
+40°C, 
erature “Air Force Research in the Aerospace 
‘In. the Age” was the subject of a presentation by 
dition! — Col. Carlo R. Tosti, USAF, Assistant for 
» wide | Command Presentations, Headquarters 
mn ratio, | ARDC, at the December 14 meeting. 
rols wil Beginning with a graphic representation 
aid, wil of the history of the earth compressed 
tters 7 . to the span of one year, Colonel Tosti 
surfaces noted that man has been present for 
ditions 15 min. and that recorded history accounts 


for only 60 sec. In comparison to man’s 

compressed existence was the fact that 
in space the ever increasing rate of technical 
noval of developments has increased transporta- 
ent evel tion speeds from 100 to 2,000 m-.p.h. 
1osphere within the last 50 years. 


ile it é From the history of man and the advent ‘x 

urts con: of the airplane, Colonel Tosti proceeded housands upon thousands of suc- 
designe’ with illustrations of our present techno- cessful firings of HOLEX-built pre- 
- more it logical state of the art using slides and HOLEX cision cartridges. under al t limit 
10-6 mn motion pictures of several of our opera- HIGH-ALTITUDE 1dges, u 
lubriee IGNITION CARTRIDGES less environmental conditions, affirm 
; of solid the F-100, F-105, and the B-52 aircraft, 
as wellas the Hound Dog, Thor, and Atlas | | HOLEX product reliability. Specifi- 
spect of their boron, smokeless powder, cally, HOLEX has performed 1m- 
are veri tional role in the present systems to future metal-oxide boosters and . ‘. 

low shea @) ones such as Titan, Polaris, and the air- similar propellants. P ortant functions in such P sles sigma 
im. dist! enc ballistic missile. as X-15, Titan, Polaris, Hound Dog, 
it has urther discussion and _ illustrations 

» of is) Were presented of counter weapons systems Sp raw, Minuteman ? 

ire. Spe |@) such as the early warning radar systems, 

e erysta: the Nike Zeus anti-missile missile, the ASK FOR HOLEX TECHNICAL DATA SHEETS 

g action | Bomark air defense missile and the which tell about HOLEX ignition cartridges, 

je job fv | MIDAS early warning satellite system. pressure cartridges, explosive bolts, and 


bed wate i Space research was presented by Colo- 
he sulfur nel Tosti as constituting an increasing 
however i percentage of the research program of the 


other cartridge-actuated devices. DEPT. A. 


would tej Air Research and Development Command. 
olid lubr: j 


Through work with the NASA, the basic 


military missiles are being used as boosters We x es 

for scientific research programs. These 
programs are designed to provide 
mlormation for future space communi- 
cation and weather observation and to } incor Q ora te 


but ther 
radiatio 
acuum 
material 
arbides 
etal parti} Mvestigate such phenomena as radiation Design, Development, 
of the} P Test and Manufacture of Pre- 
to the € successful accomplishment of our rif" ° 
national effort in cision Explosive Components. 
potting opment of the sup- | 2751 SAN JUAN ROAD, HOLLISTER, CALIFORNIA 

Secreta’ ch as the propul- 
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sion systems, the electronics systems and 
the energy source systems. All of these 
must be compatible and must function 
properly under the extremes of space 
environment. Our progress with these 
systems was presented. 

Complementary to air space and en- 
vironmental investigation with missiles 
and satellites is the development of in- 
vestigative systems capable of carrying 
men. Colonel Tosti discussed the evolu- 
tion of our man-carrying research vehicles 
from the X-2 and the X-3 aircraft to the 
X-15, Dynasoar, and Mercury Project 
Satellite systems. The inherent prob- 
lems associated with putting man in 
space require research and development to 
supply the necessary environment for the 
life cycle within a capsule. Much re- 
search has been devoted to an under- 
standing of the capabilities of man to 
withstand the extremes of being acceler- 
ated into space, of being weightless while in 
space, and of being decelerated back into 
the earth’s atmosphere. Continued re- 
search in the fields of biomechanics, radio- 
biology, and human performance is re- 
quired before man can exist in space. 

Colonel Tosti concluded his presenta- 


+ + 


tion with an explanation that a well- 
planned R & D program can be used to 
deter war and to promote science for the 
good of all mankind. 

FRANKLIN E. PEAKE, Secretary 


Washington Section 
Geophysicist Traces Observation 


“Upper Atmosphere Densities From 
Satellite Observations’’ was the subject 
of a discussion by Dr. Gerhard Schilling, 
Chief, Astronomy and Astrophysics Pro- 
grams, NASA, before the November 17 
specialists meeting. 

Approaching the subject from the 
historical side, Dr. Schilling described 
satellite methods, techniques, and results, 
with respect to measuring density and 
related parameters in the upper atmos- 
phere, beginning with Sputnik I. The 
problem of discrepancies in the prediction 
of satellite paths, as well as the determina- 
tion of density and temperatures, was also 
discussed. Dr. Schilling pointed out 
that there are both latitude and seasonal 
effects on the height of the atmosphere. 


HAROLD ANDREWS, Secretary 


Letters to the Editor (Continued from page 7) 


Author Replies to Miele; 
Cites “Proved” Techniques 


@ The following refers to Miele’s comments 
on our paper “Optimum Rocket Trajec- 
tories.’”’ His interpretation of variational 
methodsseems to be at odds with basic vari- 
ational principles, and there also appears 
to be some confusion as to the meaning of 
the phrase “degrees of freedom.’’ In the 
first place, it is well known that the imposi- 
tion of a variational restraint restricts the 
solutions to a subclass of optimums, and 
therefore the imposition of extraneous 
restraints produces extraneous restrictions. 
In the second place, variational restraints 
are imposed on the integrand for only one 
purpose—to ensure that these restraints 
are observed by the solution. In the 
event that a condition is automatically 
satisfied, it must not be imposed as an 
additional restraint. It follows that the 
equations of motion (there are two in 
planar particle motion resulting from 
twice applying Newton’s second law) 
constitute proper restraints for the case of 
fixed throttle setting problems, since 
unless these are imposed they cannot be 
satisfied; however, the kinematic relations 
(which are definitions) are automatically 
satisfied and clearly cannot be imposed in 
the form of restraints without introducing 
errors. 

In a boundary value problem, one 
could impose the meaningful isoperimetric 
restraints—i.e., 


2 
hg = f Va sin y; dt = constant 
2 cos y; dt 
1 ha 


by introducing the quantities \mVq sin 
and An[(Va cos into the varia- 
tional integrand with Am and dx» as con- 
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stants; however, this procedure limits the 
solution range to only those paths passing 
through the point hg, 6 at time ¢#, and 
therefore is meaningless on an _ initial 
value basis where hg and 6 at ¢ are to be 
determined optimally 

In a dynamic problem the number of 
defining equations of motion is equal to the 
number of physical degrees of freedom 
(not to be confused with mathematical 
degrees of freedom), and the number of 
Euler equations required to define particle 
motion cannot exceed the number of 
physical degrees of freedom. Thus Miele 
is incorrect in writing his Eqs. (5), (6), 
and (7) since, for the assumptions he has 
made, his Eq. (6) has all terms zero, and h 
is certainly not a degree of freedom if V 
and 7 are freedoms since, evidently 


h= JS Vsiny 


by definition, so that h is defined uniquely 
if V and y are specified as functions of 
time. 

Thus a casual application of variational 
techniques to physical problems often 
results in error, and the use of superfluous 
restraints is just such a casual application 
which leads to a set of equations insolvable 
even on an initial value basis. Faced 
with such a set, the procedure is either 
to set to zero the offending Lagrange 
multipliers (which amounts to correcting 
the erroneous physical assumptions) or to 
set to zero some physical quantities which 
are not zero. This latter procedure 
destroys the problem physically and 
introduces the concept of ‘“‘subares’’ which 
do not exist in the real system. 

A perfect example of this physically 
incorrect type of thinking is an attempt 
to define airplane climb performance while 
ignoring induced drag or while assuming 
that lift equals weight during dynamic 
maneuvers. Either of these assumptions 
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amounts to ignoring changes in flight path 
attitude and is entirely equivalent to dis. 
carding the equation of motion normal to 
the flight path—i.e., 7 is set equal to zero 
even though it clearly cannot have this 
value. Since Miele’s “pilot example” 
commits this error, we feel that he has 
fallen prey to this physically incorreg 
mode of thinking. 

Miele’s Approach B, which he calls the 
Dommasch-Barron approach, is definitely 
not our approach. In the first place, jf 
the stipulation is made that 7 cannot exist 
then it is not physically meaningful to 


write Eq. (12), since both terms in thi 


equation and their derivatives are iden 
tically zero (by definition). In the second 
place, since y cannot exist, there is only 
one equation of motion and y can h 
eliminated entirely from the problem 
Thus, although we consider such a 


application preposterous, since any reli 


climb involves nonzero values of 7, the 
proper approach would be as follows 
since only one equation of motion exists 
it yields the holonomic condition that 


sin y =E V/g 


which serves to eliminate y from the 
problem. Hence 


G = V(E — V/g) [not Miele’s Eq. (13) 


and the only Euler relation is 


— (V/g) — (E — V/g) — V(QE/aV) =I 
(note the absence of any multiplier) 


where 

oE 1 [OF . OF Oh oD 

oD oh m (F -D} 
dh dV. 


where F = thrust. Thus Miele’s inte. © 
pretation of our thinking is incorrect, «J 
well as his physical reasoning. F 

Finally we should like to advise thi) 
there exist no sufficient conditions for tl 
problems discussed and that “the prolif 
of the pudding is, therefore, ultimately it F 
the eating.” We have available 
numerical and experimental proof th! 
our techniques are valid, and it is a matte 
of documented history that these te)” 
niques provided the first accurate pry 
diction of optimum zoom climbs in 1977 


Conclusions 


(1) The variational methods suggest! 
by Miele seem to be physically incortet 
and therefore are incapable of produci™ 
valid solutions to real trajectory problem) 

(2) The techniques suggested in of~ 
paper are tried and proved, and have bet : 
experimentally verified. 

(3) Since it is our opinion that ty) 
techniques suggested by Miele are ty 
correct and mathematically and physical! 
misleading, we should like to suggest tl! 
he subject his methodology to the salt 
acid tests as have we. Namely, i 
should try to achieve solutions on t 
digital computer to real problems tsi 
his proposed methods. We are ceri) 


that such tests will be revealing to bi) 
him and his associates, and should serve" 
eliminate future misunderstanding. 
Daniel O. Dommas!] 
President, DODCO, 
Blawenburg, 


be 
E 
A 
ok 
aS 
; 
& 
: 
; 
‘ 


it path 
to dis. 
‘mal to 
to zero 
ve this 
ample” 
he has 
Lcorreet 


alls the 
efinitel 
lace, i hi 
ot exist, 
igful to 
in this 
re iden 
e second 
is only 
can be 
»roblem, 
uch an 
iny red 
f y, the 
followsi 
exists, 
ion that 


rom the 


(13) 
OV) =1 
ar) 
(F-D 
gm? Looking for a subcontractor with real servo “savvy? 
pith : . .. THEN TAKE A GOOD CLOSE LOOK AT THE SERVO COMPONENTS DISPLAYED HERE .* 
ivise that 4 
ms for tle 3 
‘the prim As a subcontractor, CECO is equipped to handle specifications 
—a demanding production tolerances to 5 millionths of an inch and 
‘roof tht i finishes to .5 RMS. Most of the servomechanism system compo- 
is a matte nents shown above were manufactured to just such specifications. 
were : High-precision square holes? Other unusual 
is in 19898 porting requirements? Assignments like these 
: are considered routine in Chandler Evans sub- 


contract operations. 


Among the “‘tools”’ of CECO’s servo trade are 
Cavitrons, ultra-sonic cleaning devices and 


problens temperature-controlled, contamination-free 
pro 
ed in | assembly areas. 
| have beti 
Components, assemblies and complete sub- 
1 that tie re. systems can be fabricated with equal facility. ///, 
uggest tli! 
o the salt f ECO 
s on or more detailed information on acilities an 
0 psi subcontract capabilities, write Department 20 or call CONTROLS 
stems otis W. P. Carpenter, Mgr. Subcontract Sales, ADams 6-0651. 
are cere) 
ing to bet CHANDLER EVANS CORPORATION «© west HARTFORD 1, CONNECTICUT 
rve 
~: W. B. Gurney K. L. Moan 
7046 Hollywood Blvd. 305 Spitzer Bldg. 
Dommas* Hollywood 28, Calif. Toledo 4, Ohio 
ODCO, bi HOllywood 2-1239 CHerry 8-5791 
enburg, 


suggest! 


38 


RESEARCH LABORATORIES 


UNITED AIRCRAFT CORPORATION 


. » » important part of a unique research environment 
that can multiply your scientific accomplishments 


Wherever you are carrying on scientific investigations, we 
doubt if you can call on advanced facilities and comple- 
mentary scientific skills equal to those available at the 
Research Laboratories. 

Here, leaders in a variety of scientific disciplines provide 
assistance in many areas that relate to your primary field of 
research. In addition, the nation’s largest industrial compu- 
tational facility can take over the routine of solving difficult 
calculations — routine that might otherwise burden you for 
months. 

The Research Laboratories are organized to respect the 
time and abilities of men working in advanced scientific 
areas. If you appreciate an environment where a scientist can 
focus full mental power on scientific accomplishment, we 
would like to hear from you. 


Please write to Mr. W.G. Walsh, or phone Hartford, Conn., J Ackson 8-4811, Ext. 7145 


ATTRACTIVE OPENINGS | = 
in many areas... sul 


Chemical Kinetics 
Fuel and Combustion Analysis 
Thermodynamic Cycle Analysis 
Space Mechanics 
Electrical Propulsion 
Plasma Physics 
Gaseous Electronics 


Vehicle Trajectory and 
Performance Analysis 


High Temperature Materials 
Direct Conversion 
Surface Chemistry be 

Nuclear Engineering 


400 Main Street, East Hartford 8, Conn. 
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EDITORIAL 


0. of the more important tasks before the Officers 
and Council at the recent January Meeting was the 
appointment of members for the new Committees of the 
Council. Careful consideration was given to the selec- 
tion of the most highly qualified people to advise the 
‘© Council on matters relating to Long-Range Policy, 
National Meetings Policy, and Publications Policy. 
The membership of these three committees will be 
published shortly. No changes were made in the ros- 
ters of the other standing committees—i.e., Education 
and Membership. 
| A great deal of discussion centered about the func- 
tions and make-up of the Aero/Space Technology 
- Panels, which, it will be remembered, occupied the cen- 
' ter area of the Institute’s Operational Plan chart 
_ published in AERO/SPACE ENGINEERING (Editorial) in 
_ August, 1959, and which was also a part of the ballot by 
_ which the membership approved the Plan. 
The next step in the program is to select groups of 
five to ten men in our several fields of interest who are 
| highly qualified, on grounds of both long experience and 
INGS | current activity, to help IAS 1 lect 
t y, to help program planners selec 


subjects and speakers. Such Panels of experts may 
never meet as a group, but it is expected that they will 


nalysis _ establish some sort of intercommunication where group 

nalysis pinion on any subject seems desirable. 

os As was pointed out in the original discussions, the 
' function of these Panels is advisory only. This was 

so OF reaffirmed, and restated as a basic concept. These 


and _-—s Soups will have no responsibility whatever for the 
Planning or the operation of any Institute meeting or 


technical program. Such things are to be handled (as 
at present) by the National, Regional, or Section pro- 
gram planning committees. The experts on the Panels, 
however, individually or collectively, will be available 
(by mail, telephone, or personal contact) to assist and 
advise program planners as to currently interesting 
technical topics and the people most qualified to talk on 
such topics. 

This differs from the system which has been followed 
by certain of the older societies for many years—i.e., 
the so-called Professional Committee plan, under which 
the several professional groups actually plan for, im- 
plement, and operate special meetings in their areas of 
interest. Here we want our Sections and our Regions 
to continue to be autonomous in their own activities— 
planning their meetings to meet the needs of their local 
and regional membership. In doing so, however, we 
want them to have available the advice of the best 
people in the country, in any particular discipline or 
branch of science or engineering. 

As with any program of this size, optimum operation 
will not come about overnight. This Plan has been in 
limited operation for some time (in fact, on a National 
basis, for many years). One of the first requisites will 
be the complete manning of all Panels and the publica- 
tion of Panel Rosters to all Regional and Section Offi- 
cers. This will be done in the very nearfuture. Mean- 
while, the Secretary will be glad to put anyone engaged 
in planning a meeting in touch with any of our list of 
experts in any of our related areas. 


S.P.J. 
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Potential of the Air-Cushion Vehicle 


Roy P. Jackson, AFIAS, and Murray F. Southcote, AIAS 


A Division of Ford Motor Company 


- BASIC objective of this study is to 
illustrate the potential of the air-cushion vehicle as a 
means of transportation. 

Two distinctly different air-cushion techniques may 
be utilized in the design of a transport system. One 
is to utilize an air cushion as a means of supporting a 
vehicle over prepared surfaces, such as a rail or road 
system with very close clearances. In this role, the 
air-cushion acts as a low-friction lubricant and offers 
the potential of a safe, efficient, high-speed means of 
transportation. This technique is often referred to as 
the levapad or air-bearing principle. 

Considerable pioneering work has been performed 
on this technique by Dr. A. A. Kucher, Vice-President, 
Engineering Research, Ford Motor Company. Fig. 1 
illustrates the application of this “‘on-the-road’’ tech- 
nique to an intercity rapid transit system. 

The other basic concept of the air-cushion principle 
is to provide a means of transportation over all types 
of unprepared terrain. In this concept, a cushion 
of low-pressure air supports the vehicle above the 
ground. The annular jet and plenum chamber typify 
the current approach to this technique. This method 
offers the potential of operation over all forms of 
unprepared terrain such as water, snow, mud, ice, etc., 
if sufficient clearance is provided. Fig. 2 illustrates 
this concept as a means of “‘off-the-road”’ transporta- 
tion. 

Time does not permit a thorough discussion of both 
these techniques. This paper considers the potential of 
air-cushion vehicles as a means of “‘off-the-road”’ 
transportation and compares some of the salient fea- 


This article is a revised and condensed version of the authors’ 
paper presented before the Ground Effect Vehicles Session, 
IAS 28th Annual Meeting, N.Y., Jan. 25-27, 1960. (The com- 
plete paper is available as IAS Paper No. 60-15.) 

This work has been conducted under contract for the Trans- 
portation Research Command (TRECOM) of the U.S. Army 
Transportation Corps, Fort Eustis, Va. Their permission for 
the presentation of this paper is gratefully acknowledged. 


40 Aero/Space Engineering + March 1960 


Estimates of the gross power requirements are summarized 
and extended to include estimates of the payload-range capability. 

These data are then utilized to illustrate 

the ‘‘ working rate’ capability of off-the-road” air-cushion vehicles 

compared with more conventional transportation media. : 


4 


Aeronutronic 


tures of these vehicles with other existing means of 
transportation. 


Hovering Power Requirements 


Air-cushion vehicles are supported above the ground 
by a bubble or cushion of low-pressure air. This 
cushion of air permits the vehicle to travel over all types | 
of unprepared terrain if sufficient clearance over obsta 
cles is provided. 


Reference Hovering Power 


In any quantitative discussion, it is first necessary to 
settle on a frame of reference. There are, in the casei _ 
air-cushion vehicles, many logical definitions to utili 7 
in establishing a frame of reference. After examina 7 
tion of the alternatives, the frame of reference sug) 
gested by H. Chaplin! appears to be the most useful 
The basic consideration is, given a planform area S ani 
a lift requirement W, what is the power required’ 7 
By simple momentum considerations, the lift that ca 
be generated is equal to the mass flow through the 
planform area S, times the increase in velocity im 
parted to this mass flow. The power required is give 
by the rate of change of kinetic energy. This can ky 
expressed as one half the mass flow times the square dF 
the velocity imparted to the air. Solving these tw 
expressions for the velocity results in the expression fa) 
the power required. 


Pio = (W/(2V p) W/S 


The concept, then, is to define the power required it 
the annular jet and the plenum chamber in terms of thi] 
reference power, and to further show how the power tt a 
quired varies as a function of the height of the vehict” 
above the ground. 


Annular Jet Theory 


Annular jet-type air-cushion vehicles confine tl) sys 
bubble of low-pressure air beneath the machine ne vel 
means of a jet of air exhausted around the periphery" per 
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Mr. Jackson, General Operations Manager, 
Tactical Weapon Systems Operation of 
Aeronutronic, has been engaged in weapon 
systems research, development, and manu- 
facture for 17 years. Prior to joining Aero- 
nutronic, he was Manager of Systems Engineer- 
ing on the Titan ICBM at Martin, Chief Engineer 
at Northrop, and Project Technical Engineer at 
North American where he worked on many 
programs, including the F-86 and F-100. He 
began his professional career at Ames Aero- 
nautical Laboratory and was graduated from 
Stanford University. 


Mr. Southcote is Manager of the Air-Cushion 
Feasibility Investigation at the Tactical Weapon 
Systems Operation of Aeronutronic. Among 
his specific assignments, during 9 years’ exper- 
ience in the design, development, and flight 
test of aircraft and missiles, have been project 
_ aerodynamic responsibility on the Hawk 
Missile, design work on application of low- 
drag boundary-layer control, and duties 
in the preliminary design phase of new weapon 
systems. A graduate of the University of 
Toronto, he began his professional career at 
Northrop. 


ne the vehicle. The pressure level of this cushion of air is 


dependent upon the force balance between the pressure 
forces in the air cushion and the centrifugal forces asso- 
ciated with the resulting outward deflection of the 


round annular jet. 
The j The basic theoretical considerations determining the 
types § power required for the annular jet have been defined in 


reference 1. This basic momentum theory defined the 
theoretical hovering power requirements for annular 
jets with circular planforms. As detailed in references 
2 and 3, this basic theory can be extended to account for 
any planform shape. The experimental data of 


obste- 


sary to 


cased!" reference 4 indicate the validity of this theory. 
utili The theoretical hovering power requirement for the 
ee annular jet may be expressed as 
SU: 
useful, 
Sani Ss 1 1 — sin 
+@— Wi 4 ($,/%) 
quired Sp \ Sp [h/(S/l)]| V1+ | W_ ft.lbs. 
hat cat Pr= pide 1 — sin 6 3/2 ov p 
ity 
is givel 
Call be It is apparent that the required power is given by the 
juare}> function in the brackets, times the power required for 
ese Wi the reference lifting system operating out of ground 
ssion I) effect. We have defined the term in the brackets G as 
the “theoretical hovering ground effect power factor.” z5 
G represents the reduction in power requirements that == 
_ can be achieved by operating in the presence of the =o 
wired ground. 
wer ttt 
Plenum Chamber Theory 
The principle of operation of the plenum chamber air- 3 
cushion vehicle is to maintain a cushion of low-pressure | | 
air within the plenum by means of an actuator of fan 09 Ga 
ifine system. This cushion of air, which supports the ALTITUDE 
chine 9) vehicle above the ground, will leak out around the AREA/PERIMETER = $/2 


iphery é is periphery of the vehicle. An equilibrium height will be Fig. 3. 


Theoretical hovering ground effect power factor, all planforms. 
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Fig. 4. Hovering power, circular planform. 


established when the flow in through the actuator is 
equal to the flow out around the periphery. 

The analysis of the power requirements of a plenum 
chamber uses the same momentum principles used in 
the annular jet theory. The power required is given by 
the volume flow times the pressure rise. 


Pr= ApS,V;z ft.lbs./sec. 


If low velocities are maintained in the plenum cham- 
ber, the total work done by the fan or actuator can be 
supplied to the plenum chamber in the form of static 
pressure. The lift will then be W=ApS. As this 
cushion of air escapes around the periphery of the 
vehicle, the flow will accelerate and cause the so-called 
vena contracta, thus reducing the leakage area. The 
effective exit area may be expressed as S,=l]hC, where 
C is the discharge coefficient. 

The velocity of the air as it escapes is given by V,= 
V 2Ap/p. By substitution in the power expression for 
Ap, Sz, and V;, the theoretical hovering power required 
is given by 


Pr = {2.83C{h/(S/D]} (W/(2V p)] VW/S 


Thus, in a manner similar to the annular jet, the 
power required for the plenum chamber may be ex- 
pressed as a theoretical hovering ground effect power 
factor G, times the power required for the reference 
lifting system P;... 

The variation of G with height parameter is given in 
Fig. 3, where the plenum chamber is shown for various 
values of the discharge coefficient C. Although two- 
dimensional theory indicates that C=0.6, it may be 
possible to reduce this coefficient. The introduction 
of some type of aerodynamic spoiler arrangement may 
efficiently reduce the effective exit area considerably. 
To date, the plenum chamber concept has not re- 
ceived the same attention as the annular jet. It is 
therefore difficult to generalize as to the relative merits 
of the two concepts. 


Ground Effect Power Factor 


In the two preceding sections, relations were defined 
for determining hovering power required for annular 
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jet and plenum chamber air-cushion vehicles. These 


theories were expressed in terms of the ground effect - 


power factor G, the height parameter h/(S//), and the 
reference hovering power P;... ‘ 
The advantage of the use of G is that it illustrates the | 
effect of the close proximity of the ground on the power | 
required to hover. Without the benefit of the ground ; 
effect phenomenon, an ‘‘ideal’”’ lifting system requires | 
P;.. to hover. The ground effect phenomenon permits | 
hovering with less power than P;,,, and G shows the | 
magnitude of the reduction. ; 
Fig. 3 demonstrates, quite simply, that to operate at | 
power requirements substantially lower than those re. © 
quired for flying, the air-cushion vehicle must operate at © 
low values of h/(S/I). 
It can be seen that the variation in G, for the annular F 
jet, can be approximated by a straight line over a wide [ 
range of the height parameter. This straight line also | 
represents G for plenum chambers if C can be reduced 
by means of some type of aerodynamic spoiler to a 
value of 0.38. 
Since G is linear with the height parameter, the de. 
termination of P, is simplified by the use of the approxi- f 
mation 


Pr = 1.09 [h/(S/D)] [(W/(2Vp)] VW/S 


Shaft Power Required 


The above theoretical hovering power requirement is | 
only part of the story in that in the design of any sys 7 
tem such as this—in which an inlet, fan, or actuator | 
system and ducting are necessary parts—the relative 7 
efficiency of these components must be given careful § 
consideration. In order to present some pertinent 7 
design information in subsequent sections, a 10 per ’ 
cent internal ducting power loss was assumed. A lossoi 
14 per cent was assumed in the conversion of shait 
horsepower into air horsepower at the fan or actuator. 7 
To account for unknown inaccuracies in the theory, § 
such as viscosity effects, a further loss of 10 per cent J 
was assumed. The net result, in subsequent sections 7 
of these assumptions of efficiency is that installed power 7 
required is 1.4 times the theoretical horsepower re F 
quired (efficiency =70 per cent). It is believed that thi 9 
power ratio can be achieved in a well-designed system 7 


Installed Hovering Power 


Using the foregoing power relations and the 70 pet 
cent efficiency factor, the power required per foot 0) 
altitude for an annular jet of circular planform is 


hp./ft. = VW/S 


where ¢=p/p, air density ratio. The horsepower pé 
foot altitude per ton gross weight is given by ‘ 


(hp. /ft.)/ton = VW/S 


Fig. 4 shows this quantity for a range of W/S est 
mated to be typical of air-cushion vehicles. As illus) 
trated, the horsepower per foot per ton of gross weiglt 
is presented as a function of the planform area, ft 


t 
r 


wn 


100 
| | | | | } | 
| | | | | | | 
| | 
40 \ q re | 
| | | 
tl 
: 
a 
= | 
3 
| 


1ese 
Tect 
the 


the 
wer | 
und | 
tires 
mits 
the 


te at & 
e 
ite at 


nular 


wide 


> also 
luced 
to a 


1e de- 


proxi- 


ent is 
ry sys 
tuator 
elative 
careful 
rtinent 
10 pe 


lossol 


f shalt 
tuator. © 


theory 


er cent 
>ctions, 
1 power 
wer 
hat this 
system 4 


70 peg 
foot 


7/§ 


As illus 


s weight 
urea, 10! 


constant values of planform loading. The large re- 
duction in power required as the size increases is evi- 
dent. The reason is apparent from a consideration of 
the simple momentum theory. The lift that is gene- 
rated depends on the area which increases with the 
square of the diameter. The perimeter which deter- 
mines the power required varies directly with the di- 
ameter. For example, if the diameter is doubled, the 
area and therefore the lift increases by a factor of 4, 
whereas the perimeter and therefore the power re- 
quired increases by only a factor of 2. Asa result, the 
horsepower per unit lift is reduced by a factor of 2. 
This basic and simple relationship is illustrated in Fig. 
4. The thing to note is the inherent increase in effi- 
ciency of air-cushion vehicles as the size increases (as- 
suming that height remains constant). 

Fig. 4 illustrates the significant reduction in hovering 
power requirements as the vehicle size increases and, 
further, the advantages of low planform loading in re- 
ducing the hovering power. 


Power Required to Overcome Drag 


In the previous considerations of the power required 
in hovering, there was available a firm theoretical basis 
for the estimations. In addition, there were available 
some experimental data which prove the validity of the 
theory. However, in considering the power required to 
overcome the drag of the vehicle in forward motion, we 
find that not only is the problem more complex but 
there is very little directly applicable experimental 
data. Nevertheless, it is believed that the drag esti- 
mates presented here are representative of what can be 
achieved by a thorough understanding of the physical 
principles involved and by careful attention paid to the 
design parameters which influence the drag of the 
vehicle. The basis for this position is the wealth of 
data, both theoretical and experimental, defining the 
drag characteristics of both aircraft and automobiles. 

Consider the so-called profile drag of such vehicles. 
We know that if the vehicle is streamlined (that is 
to say, of high fineness ratio), the profile drag co- 
efficient can be reduced to the point where it is com- 
posed primarily of the skin friction drag which is of the 
order of 0.005, based on the planform area S. How- 


ASSUMED PROPULSIVE ij 
___EFFICIENCY = 70% 


100 


Fig. 5. Power required to overcome drag. 
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Fig. 6. Summary of gross power requirements. 


ever, it must be realized that, in order to achieve such 
a low drag, the planform shape will be very poor from 
the lifting point of view, and the power requirements for 
lift will be extremely high. 

At the other end of the spectrum we can minimize the 
power required for lift by utilizing a circular planform, 
and, as a consequence, the profile drag will be high. 
This profile drag will be composed primarily of pressure 
drag rather than friction drag and can get extremely 
high depending upon both the frontal area and the base 
area of the vehicle. 

To permit an evaluation of the air-cushion vehicle as 
a means of off-the-road transportation, it is necessary 
to present some drag data that could be considered 
typical. Fig. 5 illustrates the horsepower per ton of 
gross weight to provide some “‘ball park”’ estimates of 
power required to overcome drag. These power re- 
quirements are shown as a function of speed and plan- 
form loading. A spread in profile drag coefficients from 
0.05 to 0.1 based on planform area is considered to rep- 
resent a typical variation. It is worthy of note that 
these drag coefficients, by aviation standards, are 
relatively high. They represent drag coefficients five 
to ten times larger than profile drag coefficients of 
modern conventional aircraft. These power require- 
ments were estimated conservatively to provide for un- 
knowns which may arise because of the absence of 
specific data. Further, in the presentation of these © 
power requirements, it was assumed that a propulsive 
efficiency of 70 per cent could be achieved. 

Any discussion of power required in forward motion 
must consider the momentum drag. The momentum 
drag can easily double the drag estimates presented if 
the air brought on board the vehicle is not handled in an 
efficient manner. 

The modern turbojet aircraft demonstrates how the 
kinetic energy of the air, relative to the vehicle, can be 
used to create a “‘ram pressure’ rise in static pressure. 
Similarly, the air-cushion vehicle must utilize such tech- 
niques if the vehicle is to be efficient at forward speeds 
above 20 m.p.h. or so. By means of an efficient 
diffuser, the recovery of ram pressure may be utilized to 
reaccelerate the air back to free-stream velocity on dis- 
charge. 
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Fig. 7. Effect of cruise velocity, air-cushion vehicle payload-range. 


An assumption as to the efficiency of this diffusion 
and acceleration must first be made. For simplicity, it 
has been assumed that it can be accomplished with 
100 per cent efficiency. Admittedly this is optimistic, 
but it is well established that such a process can be 
accomplished with an efficiency of 90 per cent or better 
at the design point. 


Summary of Gross Power Requirements 


The gross power requirements of typical off-the- 
road air-cushion vehicles are compared with several 
conventional transport media in Fig. 6. These data 
illustrate typical horsepower requirements per ton of 
gross vehicle weight as a function of velocity. 

In order to illustrate typical characteristics for 
off-the-road air-cushion vehicles, it was necessary to 
define a band of typical height requirements. It was 
considered that heights from approximately 1 to 10 
ft. would provide a significant and realistic off-the- 
road capability. In addition, it is necessary to con- 
sider a band of operational sizes because, as noted 
earlier in Fig. 4, size plays an important part in the de- 
termination of the lift power requirements. 

For purposes of illustration, it was decided that a 50- 
ton vehicle designed to operate at 1 ft. and at 9 ft. 
would present a typical set of conditions. These data 
are also representative of a 5-ton vehicle designed to 
operate at 0.3 and at 3 ft., respectively. The data were 
calculated on the basis of a circular planform with a 
drag coefficient of 0.05 based on the planform area. 

The data in Fig. 6 for ships, trains, autos and trucks, 
and aircraft were obtained from reference 6. The 
helicopter data illustrate the variation of gross power 
required with forward velocity, typical of modern 
helicopters. The data of reference 7 indicate that 
these power requirements are typical for the modern 
turbine-powered helicopter. 
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Fig. 8. Effect of operating height, air-cushion vehicle payload-range, 


Air-Cushion Vehicle Payload-Range 


The foregoing summary of gross power requirements, 
although interesting, does not provide a measure of the 
true effectiveness of these various transportation sys- 
tems because it does not consider the payload-range 
characteristics of the various systems. In order to 
provide some quantitative estimates of the payload- 
range characteristics of the off-the-road air-cushion 


vehicle, it is necessary to estimate typical values for the [| 


structural and propulsion system weights and the fuel 
consumption. 
Because of the absence of a background of structural © 
design criteria for air-cushion vehicles, it is difficult to [ 
present a refined estimate of the structural weights. 
However, it is believed that, by utilizing the efficient 


structural techniques developed in the aviation in- 
dustry, structural weights of approximately 5 Ibs. per 
sq.ft. of planform area can be achieved. Undoubtedly, 
there will be instances where particular design criteria 
will dictate structural weights, both greater than and 
less than this value. 

In estimating the propulsion system weight, the use 
of the modern shaft turbine engine was considered. 
Great progress has been made with this power plant in F 
the last few years, and a weight of approximately 0.) F 
Ibs. per hp. is available today. Similarly, a specific 
fuel consumption of about 0.5 Ibs. per hp.-hr. is currently 
available. For this analysis, it was assumed that the 
installed propulsion system for an air-cushion vehicle 
could be achieved for 2 lbs. per hp. Similarly, it was 
estimated that the installed specific fuel consumption F 
would be 0.75 Ibs. per hp.-hr. With these assumptions, 
the gross weight may be expressed as : 


W W structure + W + + W payload 


Payload-Range 
During cruise at constant velocity and height, tht | 
gross weight will decrease because of the consumption 0 " 
fuel. As a result, the expression for the range is givel F 
by 
) 4+ V3 (tan= 
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In order to maximize the payload capability for any 
given range, it is necessary to design the vehicle with the 
optimum planform loading W/S and operate the 
vehicle at the most efficient speed. In order to simplify 
the analysis, the optimization process was conducted 
only for a circular planform with a drag coefficient 
(based on the planform area) of 0.05. This was con- 
sidered justifiable in view of the significant increases in 
planform fineness ratio that can be achieved with 
relatively minor increases in the lift power requirements 
as compared with the major effects of planform loading.” 
Fig. 7 presents the results of such a payload-range anal- 
ysis. 

The upper curve on Fig. 7 represents the payload- 
range of a 50-ton vehicle designed for 1 ft. height ope- 
rating at its optimum cruise velocity of approximately 
80 m.p.h. These data are also representative of the 
payload-range characteristics of a 5-ton vehicle ope- 
rating at approximately 0.3 ft. 

It is quite possible that this optimum cruise velocity 
of 80 m.p.h. may be extremely difficult to achieve in 
practice. Consider the control problems associated 
with this 50-ton vehicle traveling at 80 m.p.h. 
1 ft. over unimproved terrain. Obstacles that would 
require more than 1-ft. clearance must be circum- 
vented, and, in order to accomplish this, an ex- 
tremely powerful and responsive control system 
would be required. Even if this were available, it is 
doubtful if the reactions of the driver would be quick 
enough, particularly in connection with overland ope- 
ration. It is conceivable that this speed could be 
maintained on an inland water system—for example, the 
Mississippi River—but, in the authors’ opinion, it is 
highly unlikely in most overland operations. 

It is difficult to specify a typical speed limit. Un- 
doubtedly, the limit would depend to a large extent on 
the drivers’ ability and on the effectiveness of the con- 

trol system. However, to illustrate the effects of the 
imposition of a speed limit, the payload-range data for 


W structural AS NOTED 
W propulsion=2 LB/H P. 
S.F.C. =0.75 LB/H P./H R. 


V=40 MPH 


Fig. 9. Effect of structural weight, air-cushion vehicle payload-range. 


the 50-ton vehicle at 1 ft. (5-ton at approximately 0.3 ft.) 
when designed to a speed limit of 40 m.p.h. are presented. 

To represent the payload-range characteristics of air- 
cushion vehicles designed for higher altitude operation, 
the 50-ton vehicle operating at 9 ft. and operating at its 
optimum cruise velocity of approximately 80 m.p.h., is 
also presented. By coincidence, the optimum cruise 
velocity for this vehicle is the same as for the 50-ton 
vehicle at 1 ft. These data are also representative of 
the payload-range characteristics of a 5-ton vehicle 
operating at 3 ft. 

Similarly, data are presented which illustrate the 
resultant payload-range characteristics if a speed limit 
of 40 m.p.h. is imposed. In summary, Fig. 7 presents 
payload-range data considered typical of air-cushion 
vehicles designed for off-the-road operation. 


Effect of Operating Height 


As noted on Fig. 7, there is a tremendous variation of 
the payload-range capability with operating height. 
Consider, for example, the 50-ton vehicle designed to 
operate at 9 ft. In actual operation it would be 
wasteful to operate this machine at its maximum height 
of 9 ft. if the terrain did not call for it. Fig. 8 is pre- 
sented to illustrate the significant increase in the pay- 
load-range characteristics of this vehicle if it is operated 
at 3 ft. and at 1 ft. 


Effect of Structural Weight 


As noted earlier in the construction of the data of Fig. 
7, the weight of the structure was based on an intuitive 
feeling for what can be accomplished if efficient light- 
weight aviation-type structure isemployed. Toempha- 
size the importance of this aspect of the design of air- 
cushion vehicles, Fig. 9 presents payload-range data 
with a structural weight of 10 lbs. per sq.ft. As illus- 
trated, there is a significant reduction in the payload- 
range characteristics if the structural weight is in~ 
creased. 


Payload Power Requirements 


Fig. 10 presents a summary of the payload power re- 
quirements of vehicles capable of operating over un- 
prepared terrain. The horsepower per ton of payload is 
shown as a function of range. These data are more 
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Fig. 10. Summary payload power requirements. 
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Fig. 11. Working rates, air-cushion vehicles. 


meaningful than the gross power summary presented in 
Fig. 6 in that the payload-range characteristics of the 
various transportation systems are considered. 


Air-Cushion Vehicles 


The off-the-road air-cushion vehicles were taken from 
the data used to construct the payload-range informa- 
tion presented in Fig. 7. The upper bound is the 50- 
ton vehicle operating at 9 ft. at 40 m.p.h. (5-ton vehicle 
at 3 ft. at 40 m.p.h.). The lower bound is the 50-ton 
vehicle designed and operated for 1 ft. at its optimum 
cruise velocity of 80 m.p.h. (5-ton at 0.3 ft. at 80 
m.p.h.). 

As noted earlier, there is a tremendous variation in 
_ the characteristics of off-the-road air-cushion vehicles. 


Wheeled Vehicles 


The operational characteristics of wheeled vehicles 
when utilized in off-the-road operation were taken from 
reference 8 and 9. In general, the wheeled vehicle 
when used on-the-road represents an efficient means of 
transportation. The payload-range characteristics are 
good in that the payload plus fuel can be approximately 
half the gross weight. The power requirements are low, 
and, as a result, the fuel requirements are low. How- 
ever, when this wheeled vehicle is utilized as a means of 
off-the-road transport, some serious deficiencies are 
immediately obvious: 

(1) The vehicles are extremely limited in their ability 
to traverse the wide varieties of terrain that are en- 
countered in off-the-road operation. 

(2) Even in those instances where operation is pos- 
sible, the characteristics are still relatively poor be- 
cause (a) the speed is reduced to just a few miles per 
hour, and (b) as a result of the severe loads imposed on 
the suspension system, the payload plus fuel capacity 
is reduced to approximately 30 per cent of the gross 
weight. 

As in the case of air-cushion vehicles, there is a wide 
variation in the payload power requirements that may 
be encountered. The upper bound, as illustrated in 
Fig. 10, is considered to represent typical terrain condi- 
tions which require the use of maximum power, and the 
speed is limited to low values, like 5 m.p.h. 

The lower bound represents conditions where the 
terrain will permit an average speed of approximately 
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15 m.p.h. with a power requirement approximately 1/3 
of the installed horsepower. 

Admittedly, the bounds described are somewhat 
arbitrary; however, it is felt that they are representa- 
tive of the extremes, both good and bad, that will be en- 
countered in the operation of wheeled vehicles off-the- 
road. 

The air-cushion and wheeled vehicles are two means 
of off-the-road transportation. The other alternative 
is to cast off terrain restrictions completely and utilize 
the flying machine. 


Helicopter 


The helicopter represents a transportation technique 
capable of off-the-road transport. 
off, hover, and land vertically is a unique feature and 
sometimes a most priceless commodity. Unfortunately 
this capability requires considerable power and me- 
chanical complexities. 

The payload power requirements illustrated in Fig. 
10 are representative of the characteristics of the 
modern turbine-powered helicopter. 
reference 7 indicates that the total payload plus fuel 
weight is of the order of 40 per cent of the gross weight. 
Utilizing the power requirements illustrated in Fig. 6, 


the optimum payload-range characteristics are achieved 4 


with a cruise speed of approximately 100 m.p.h. 


The fuel consumed was calculated by taking the gross 7 
power from Fig. 6 at 100 m.p.h. and using a specific fuel 7 
consumption of 0.75 lbs. per hp.-hr. With the pay- | 
load-range characteristics defined in this manner, the 7 
installed horsepower per ton of payload as a function of | 


range is found. 


Aircraft 


In order to summarize the payload power require- | 


ments of modern aircraft, the modern propeller-driven 


reciprocating-engine-powered aircraft and the modern 


turbojet-powered aircraft were considered. 


The data of reference 7 indicate that the payload 
plus fuel of a modern propeller-driven aircraft represents > 
approximately 40 per cent of the gross weight. As F 
suming an s.f.c. of 0.5 Ibs. per hp.-hr., a cruise speed of [ 
300 m.p.h., and an L/D of 12, the fuel requirements are 
defined by means of the familiar Breguet range equation. | 
These data were used to present the upper bound) 


shown in Fig. 10. 


Similarly, the lower bound is representative of what 7 
can be achieved of the modern turbojet-powered ait 7 
Reference 7 indicates that the fuel plus payload 
will equal approximately 55 per cent of the gross weight. | 
With an s.f.c. of 1 Ib. per hour per pound of thrust, 2) 
velocity of 600 m.p.h., and an L/D of 20, the fuel re) 
quired is obtained by means of the Breguet range equa | 


craft. 


tion. 


Working Rates 


The preceding summary of payload power requite | 
ments, although meaningful, does not reflect the im) 
portance of speed of the various systems. In the final), 
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analysis of an evaluation of the relative merits of the 
various means of transportation, direct and indirect 
costs are the most meaningful criteria. However, to 
provide a thorough cost analysis of the various modes of 
off-the-road transportation is an extremely compli- 
cated problem and far beyond the scope of this paper. 

Still, it is believed, a good indication of the relative 
merits can be obtained by considering what is referred 
to as the ‘‘working rates.’’ In most cost analyses, the 
installed power of the transportation system is a pri- 
mary influence in determining the cost of operation. 
For example, it is a primary factor in the operational 
costs such as fuel and maintenance. Further, the in- 
stalled power has a predominant influence on the pro- 
curement cost of the vehicle. 

In most cost analyses, payload (tonnage), distance 
(miles), power required (horsepower), and time (hours) 
are primary influences in determining cost of transpor- 
tation. Therefore, the working rate—i.e., the ability to 
move a ton of cargo a given number of miles, in a given 
period of time, with a given amount of horsepower—is 
an important consideration. Such a working rate may 
be defined from the data presented earlier by dividing 
the cruise speeds by the horsepower per ton of pay- 
load. This parameter represents the ton-miles de- 
livered per horsepower-hour and as such is representa- 
tive of the efficiency of the transport system. 


Air-Cushion Vehicles 


Fig. 11 presents working rate capabilities believed to 
be typical of off-the-road air-cushion vehicles and is 
constructed using the payload-range data of Fig. 7 and 
the installed power used in the calculations for the pay- 
load-range data of Fig. 7. 

Although the speed limit of 40 m.p.h. that was im- 
posed did not penalize the payload-range characteristics 
too seriously (Fig. 7), the data in Fig. 11 indicate much 
more clearly the deleterious effects on the working rate 
capability of such a speed limitation. 


Summary of Working Rates 


Fig. 12 presents a summary of the working rates of 
vehicles capable of operating over unprepared terrain. 
The working rate is shown as a function of range. 
These data are more meaningful than the payload 
power summary presented in Fig. 10 in that the velocity 
of the various transportation systems is considered. 
These data were constructed from Fig. 10 by dividing 


the cruise velocity by the horsepower per ton of pay- 
load. 


Conclusions 


It appears that the air-cushion vehicle offers con- 
siderable potential as a means of off-the-road transpor- 
tation. The superiority of the air-cushion vehicle over 
the wheeled vehicle in off-the-road operation is evident. 
Nearly all the terrain restraints—such as mud, snow, 
ice, marsh, water—are overcome. In addition, the 
ability to move cargo faster, and in many cases more 
efficiently, is an attractive feature. 
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Fig. 12. Summary of working rates. 


Undoubtedly, aircraft will nearly always enjoy a 
speed advantage over air-cushion vehicles. However, 
the air-cushion vehicle appears to be competitive in the 
ability to perform as a logistic carrier in terms of ton- 
miles per horsepower-hour. In addition, the air- 
cushion vehicle does not require the extensive terminal 
facilities. 

Air-cushion vehicles offer a significant transportation 
potential in comparison to the helicopter. However, 
when it is necessary to get in and out of remote areas, 
the helicopter is clearly superior. Because of these 
respective capabilities, these two transport systems are 
complementary rather than competitive. 

In summary, it would appear that the eventual 
acceptance of the air-cushion vehicle as a means of off- 
the-road transportation will depend upon the ability to 
achieve these attractive performance characteristics 
with a vehicle that is safe, reliable, and easy to operate 
and maintain. This will require the development of an 
adequate control system and inherently good stability 
characteristics. Further, acceptable solutions to’ the 
operational problems of dust and spray must be found. 


Symbols 
= 
hp.1ite = horsepower required for lift 
hp. Dp = 
hp.drag = horsepower required for drag 

h = vehicle clearance height above ground, ft. 

l = vehicle perimeter, ft. 

Pie = ideal hovering power required out of ground effect 
(typical of a ducted fan), ft.lb./sec. 

Pr = theoretical hovering power required in ground 
effect, ft.lb./sec. 

Sy = jet area measured normal to flow, ft.? 

Sp = base area, ft.? 

S =~ Sp, ft.? 

V = velocity, ft./sec. 

Ap = base pressure (gage), lb. /ft.? 

0 = jet discharge angle, measured from vertical, nega- 
tive inward 

Subscripts 

1 = conditions at start of cruise 

2 = conditions at end of cruise 

x = conditions at vena contracta in flow from plenum 
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(Continued on page 65) 
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Propeller Effects on the 
Stability and Control of VTOL Aircraft 


Henry E. Payne, Ill 
The James Forrestal Research Center 
Princeton University 


W.:: THE advent of high power to 
weight ratio turboprop gas turbines, much effort has 
been expended in the development of VTOL-STOL air- 
craft. The majority of these machines employ pro- 
pellers or articulated rotors; specifically, the Hiller X-18 
and Vertol Model 76 tilt the propellers through approxi- 
mately 90° in the process of transition from either hov- 
ering to level flight or level flight to hovering. 

In the past, all work on propellers in inclined flow 
has been done at very low inclination angles!~> with 
the exception of three notable reports,6~* although it 
was felt that for purposes of evaluating longitudinal 
stability derivatives there are limitations to these 
latter reports. 


Description of Forces 


The primary forces considered are shown in Fig. 1. 
Normal force N,, which acts through the hub, parallel 
to the propeller plane, is caused by a difference in the 
torque-producing force between the advancing blade 
and the retreating blade. If the disc were perpendicu- 
lar to the free stream, the resultant flow seen by a ro- 
tating blade—i.e., the vector sum at the rotational 
velocity plus the inflow or free-stream velocity—would 
be uniform. 

However, if the disc were parallel to the free stream, 
it is obvious that for a simple case the advancing blade 
at 2 = 90° will be subjected to (neglecting induced 
velocity for the moment) a velocity equal to the rota- 
tional velocity plus the free-stream velocity, whereas 
the retreating blade at Q = 270° will see a velocity 
equal to the rotational velocity minus the free-stream 
velocity. From Fig. 3, it can be seen that the resultant 
lift and drag forces on any propeller blade section 
consist of an in-plane torque-producing force Q and a 
perpendicular thrust-producing force T. 

Therefore, in inclined flow, A’ > 0, the advancing 
blade will experience a greater torque-producing force 


The research investigation described in this paper was 
sponsored by the Office of Naval Research. 
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than the retreating blade, the result being a net force 
N, parallel to the disc in the direction of increasing A’. 

Yawing moment M,, which acts around the hub 
in the Y-Z plane by a similar argument, arises from the 
difference in thrust-producing forces experienced by 
the advancing and retreating blades. However, this 
moment is of little interest in stability and control work 
because it can be effectively cancelled either by con- 
trarotating propellers for a single nacelle aircraft or by 
opposite rotation of propellers in two and four nacelle 
aircraft, which are the most common types under 
study today. It is of considerable magnitude and 
obviously must be weighed in propeller and power 
shaft design work. But for this paper, it will not be 
considered further. 

Pitching moment M,, which acts around the hub in 
the X-Z plane (perpendicular plane to the disc), has, 
in the past, been considered to be small and hence, in 
many stability analyses, has been neglected. Inspired 
by the NASA,’ extensive tests were performed which 
indicated that this was not the case and that the pitch- 
ing moment was of the same order of magnitude as the 
yawing moment. 

The existence of this moment cannot be explained by 
cyclic loading considerations in the same manner as was 
done previously with normal force and yawing moment 
because it acts around an axis (Y-Y) perpendicular 
to the X-X axis which is the symmetry dividing line 
between the advancing and retreating side of the pro- 
peller disc. Referring to Fig. 3, and now considering 
the induced velocity V;, it is evident that the blade 
angle of attack is dependent not only on the rotational 
velocity and the free-stream velocity but also on the 
induced velocity. 
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An experimental investigation of forces and moments acting on a propeller 
was conducted over a range of tilt angles from 0° to 90°. It was found that 
the normal force and pitching moment acting at the propeller hub are of con- 
siderable magnitude and must not be neglected in any analysis of VTOL-STOL 
aircraft which must incline the propeller over 15° for take-off and landing. 
Thrust variation with forward velocity and pitch angle is another factor which 
must be considered in any analysis of lilt-wing or tiltable propeller aircraft 
configurations. 

Attempts were made to predict these forces and moments analytically, but it 
does not appear that any known method provides the necessary accuracy and 
reliability. 


The majority of propeller analyses, in the past, have of the three primary propeller components which 
employed either the Goldstein or Theodorsen ap- affect the longitudinal stability of tilting propeller 
proximations for determining the induced velocity. VTOL-STOL aircraft with forward velocity and tilt- 
The former is limited to a lightly loaded rotor, while angle is shown in Figs. 4, 5, and 6. Neglecting the 
the latter appears to be quite satisfactory for the normal dotted curves, for the moment, and arbitrarily choosing 
range of propeller operation—that is, A’ < 15—where two representative flight conditions, the relative 
one can assume that the propeller-wake proceeds magnitude of these forces can be shown very easily. 


axially downstream from the disc. Since 
However, for the case of a propeller inclined to the 


= => . / 
free stream, this assumption can no longer be made. Cr/Cxp = T/Ne Np = T-(Cyp/Cr) 


From smoke studies and velocity traverse data, it is 


For normal force 


evident that the free stream has a strong effect on the Cr/Cup = TD/Mp Mp = T-D-(Cy;/Cr) 


position of the wake. As a first estimate, it appears 
that the wake is swept back to a much greater degree 


For pitching moment 


than that indicated by a simple vector summation of For a tilt-wing aircraft developing a take-off thrust of 
the free-stream and slipstream velocities. Noting 40,000 Ibs. employing two 18-ft. propellers rotating in 
reference 5, it was found that the theoretical method of opposite directions at 1,000 r.p.m.: 

estimating normal force, employing the Theodorsen 

method for predicting the induced velocity, consistently Tome 4. 

underestimated normal force for angles as low as Vv NPigtat MProtar T totat 
A’ < 20°. The induced velocity approximation ap- JA’ (fps) Cnp/Cr Cmp/Cr Ibs.) 


pears to be the one serious shortcoming of this analysis. 


0.2 60 
0.4 45° 120 


0.0397 0.0397 1,590 28,600 40,000 
0.1134 0.0412 3,410 22,280 30,000 


Discussion of Test Results 


From work conducted in the Subsonic Laboratory From Table 1, it appears that both normal force and 
of the James Forrestal Research Center, the variation pitching moment reach quite high values for the given 


Fig. 1. Side. 
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set of conditions. These values, of course, are only 
rough approximations, although on the conservative 
side, since from the dotted curves on Figs. 4, 5, and 6 
it is evident that placing a wing behind the propeller 
increases the magnitude of all three components. 
These curves were obtained from a complete model, 
Fig. 7, and so include possible interference effects— 
arising from the fuselage. 

The large increase in propeller normal force (S0- 
90 per cent) and the increase in propeller pitching 
moment (40-50 per cent) in the presence of the wing 
can be largely attributed to the fact that the velocity 
through the top-half of the disc (above the Y-Y axis) 
is greatly increased owing to the effect of the wing*— 
that is, the upwash of the wing is added to the free 
stream which produces a higher velocity through the 
upper half of the disc than through the lower half. 


06 Cy 
\ 30° 
—— PROP. ALONE 
\ —--- PROP. WING 
04 ° * 90° — 
e 75° 
° « 60° 
\\ 48° 
e's” 
Fig. 4. Cr vs. J. (Three-blade propeller, act. factor = 100, C;,) = 


0.5, B75R = 12°.) 
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This tends to decrease the angle of attack of the blades 
moving through the upper half, thus reducing thrust 
and causing a pitching moment M,. The higher 
velocity also increases NV, as previously explained. 

The increase in thrust (C7, Fig. 4) with J (forward 
speed) in the hovering configuration is a result of two 
effects: 

(1) Change in local blade angle of attack arising 
from a decreasing induced velocity. 

(2) Change in the mass flow acted on by the pro- 
peller. 

The first of these effects can be easily seen by appli- 
cation of momentum and blade element analyses. 
(See Fig. 8.) 


Blade element: 
a = {8 — [(V sin B’ + v)/(Qr + vsin y)]} 
= ot 
Assume that B’ is small such that 
V sin yV cos B’ = Or+ Vsiny 


Also assuming that blade drag is small and that the 
thrust force results from blade lift such that 


T=>L= CigS 
Thus 
dC, | V sin B’ + | 
T= — 
da Qr+ V sin y 


(1/2)p [Qr + V sin y]? bdrdy 
dC, E _ Vsin B’ + ‘| 
Qe Jo 0 da Qr + Vsin y 
(1/2) p[Qr + V sin y)*bdrdy 
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Integrating and substituting 


T = Cr[p(QR)?rR] 
= b/xR 
dCz/da = Cra 
2Cr/Crat = (8/3) — [(V sin B’ + v)/2QR] 


In the hovering configuration B’ = 0, v is quite large 
and the thrust is determined by (8/3) — (v/QR). With 
the beginning of transition, B’ and V increasing, the 
effect of changes in these two components is small; 
however, the induced velocity drops off very rapidly 
thus acting to decrease the second term, hence increas- 
ing thrust. With further increase in forward speed, 
hence a greater B’, the induced velocity becomes quite 
small, and V sin B’ begins to increase such that the 
second term slows its decrease and begins to increase, 
therefore decreasing thrust. In conjunction with this 
blade-element explanation, a momentum consideration 
is, What mass flow or cross-section area does one em- 
ploy? From smoke studies, it appears that in the 
transition region a larger mass of air is affected by 
the disc than would be expected. 


T = MAV = pA[(V sin B’ + v)? + (v cos B’)*] 1/720 


Thus, as v decreases, M increases somewhat faster, 
therefore increasing thrust momentarily; this effect 


ceases as v becomes smaller with a further increase in 
Vsin B’. 


Test Equipment 


The 14-in.-dia. 3-bladed aluminum propeller was 
driven by a 1/2-hp. d.c. motor suspended on two strain- 
gaged beams totally independent of the support sting 
in the prop-alone case or the nacelle in the prop and 
wing case. This was found to be a most successful 
method of extracting the desired propeller forces and 
moments. 

The repeatability of the data was excellent, and the 
only serious scatter was found in the normal force. It 
was felt that this was due in part to the large change in 
Cr with tilt angle. (Note Fig. 4 where there is a large 
change in C; for tilt angles in the 30° to 75° range.) 


Considerable concern was expressed about the valid-, 


ity of the data obtained in the low Reynolds number 
range, 150,000 to 260,000. It is felt that the scale 
effect is small since the Cr versus J curve for a = 0° 
compares within 5 per cent of full-scale data for similar 
propellers. This is further borne out by reference 10 
where it is indicated that there is no significant change 
in propeller performance over a large Reynolds number 
range. 

Tests were also conducted at blade pitch angles other 
than 6752 = 12°, but these results are as expected, de- 
creasing forces with decreasing 8, and will not be pre- 
sented here. 
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Fig. 6. Cw, vs. J. (Three-blade propeller, act. factor = 100, Cip = 
0.5, B75R = 12°.) 


Analytical Prediction of Normal Force and Pitching 
Moment 


From reference 5, an expression for normal force 
coefficient Cy, where Cy = N,/qS (q = free-stream 
dynamic pressure, and S = disc area) is obtained 

1.0 


Jzs 9=90° =270° 


hiss 2 
CG =C, ( cos 6| x 


ce) 
(1 + C, cot @ 
@/2 = W/(V’ cos A’) 


which is the induced velocity obtained by the Theodor- 
sen approximation.! 

This induced velocity is critical in the above calcula- 
tion. It will be noticed, Fig. 3, that ¢ and a are both 
affected by the magnitude of this term. For fixed 
8B and V’ cos A’, any increase in W (or @) will decrease 
a, the blade angle of attack, thus changing c¢,, and 
will also increase ¢. Obviously, if W were negative, 
there would be an even greater change in the above 
quantities. 

This induced velocity, neglected to some extent by 
those doing propeller work, has long been a problem 
in helicopter rotor research.® !* Since it appears to be 
a dominant factor in the normal force equation, it will 
also be important in thrust calculations. But in neither 
of these is the induced velocity the sole cause of the 
force. In analyzing propeller pitching moment, it 
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becomes apparent that this moment is caused solely 
by the variation in the blade loading from the front 
to the rear of the disc as this loading is changed by the 
induced velocity flow field. From smoke studies per- 
formed at the Forrestal Research Center,'* it is evident 
that the induced velocity is not uniform over the disc, 
and it is possible that it can assume negative values 
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oc 
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Aero/Space Engineering + March 1960 


over the rear portion of the disc. Conventional means 
of integrating back to the disc from the final wake are 
useless here because one does not know the configura- 
tion of the final wake. For the A’ = 0 case, where the 
disc is perpendicular to the free stream, Theodorsen’s 
work appears to be quite accurate, and a method 
proved by Kawada" in 1939 also leads to a satisfactory 
prediction of the induced velocity at the disc. But 
for A’ > 0, these methods can no longer be em- 
ployed because they assume a final wake configuration 
which is no longer true. 

Unfortunately, it is beyond the scope of this paper 
to indulge in further attempts at predicting this induced 
velocity. The purpose here is to present what is be- 
lieved to be accurate data of the propeller forces which 
affect the longitudinal stability of VTOL-STOL air- 
craft in a useful nondimensional form so that it may 
be applied by future designers of these machines. 
Suitable correction factors to adapt these data to any 
propeller can be found in reference 6 which presents 
corrections for number of blades, activity factor, and 
airfoil section (Crges.). These correction factors can 
be applied to Cr, Cyp, and Cy, with little loss of accu- 
racy since these components all depend almost directly 
on the propeller loading, which, in turn, is determined, 
approximately, by the above three factors. 

If more precise data are necessary, it would appear 
far easier to construct a scaled propeller and have it 
tested through the desired range of tilt angles. 


Conclusions 


The complicated flow behind a propeller in inclined 
flow has invalidated all known theoretical methods to 
predict accurately aerodynamic forces on an inclined 
propeller. Three of these forces, thrust, normal force, 
and pitching moment, have been thoroughly investi- 
gated experimentally as to their causes and magni- 
tudes. The existence and variation of these forces 
cannot be safely neglected in the design of VTOL- 
STOL aircraft. It is possible from the given data to 
obtain an approximate prediction of such forces which 
might be used advantageously in preliminary design 
work. 
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Conven- 


are nol sufficient to determine fatigue failure rate, 


so structural component and element spectra must be derived. These spectra must define 


two condilions—the past loading history of the element and 
the present probability of exceeding a given load. 


The Statistical Basis of 


Loading Spectra for Fatigue Design Criteria 


Innes Bouton, AFIAS 


Norair Division 
Northrop Corporation 


BASIC OBJECTIVE of structural 
design criteria is to formulate requirements for a 
structure which will reliably attain a specified opera- 
tional life. Quantitative definition of how reliably 
what life is to be attained is a difficult procedure. 
Implementation of the requirements in a structure, 
with confidence that the requirements will, in truth, 
be met, is an extremely challenging task. 


Evolution of Present Structural Design Criteria 


In the past, structural design criteria did not ex- 
plicitly state the quantitative requirements for re- 
liability and life; instead, the typical criteria defined 
loading conditions, which, if met, resulted in extremely 
high structural reliability over the lifetime of all air- 
craft designed to those criteria. The criteria were 
the end result of past experience. Any failures, other 
than occasional random failure, resulted in criteria 
modification. New developments such as abruptly 
checked maneuvers and inertial coupling conditions 
were added as necessity dictated and outmoded con- 
ditions were gradually removed. This empirical ap- 
proach to structural design criteria has, in general, 
proved sufficient, until recently, for the needs of de- 
signers and the service administrators of structural 
design policy. However, certain anomalies have 
always been present which resulted in some airplanes 
being overdesigned and others underdesigned. 


Need for Probabilistic Criteria 


Recent rapid advances in weapon system design have 
resulted in radical changes in structural design re- 
quirements, so much so that a change in criteria phi- 
losophy appears to be an obvious necessity. To this 
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There is no such thing as a fatigue failure. Generalized aircraft spectra 
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author, a probabilistic approach to design criteria is 
the only rational concept. The big difficulty is to find 
a practicable solution to the problems that arise while 
reducing theory to practice. 

At first blush, use of a probabilistic philosophy is a 
radical departure from the past, with the revolutionary 
changes in design concepts currently in progress justi- 
fying corresponding revolutionary changes in criteria 
concepts. However, the change in criteria philosophy 
is more apparent than real. Structural reliability or 
probability of failure has always been implicit in pre- 
vious regulations. The qualitative probability input 
to criteria formation has been either success in per- 
forming the desired mission or what someone’s judg- 
ment indicated to be ‘“‘too many”’ failures. Further- 
more, fatigue has always been a consideration in past 
criteria—occasionally explicitly, usually implicitly. 
Examples are fitting factors—knowledge of what con- 
stitutes good detail design in matters of sharp corners, 
scratches, avoidance of brittle material, etc., and de- 
signing to normal operating stresses below the en- 
durance limit. 


Adventitious and Fatigue Failures 


Furthermore, there is a little realized but close re- 
lationship between the adventitious, or discrete, 
failure and the fatigue failure. Adventitious failures 
are the end point of the range of fatigue failures pos- 
sible from the millions of cycles of low amplitude loading 
to the few cycles of extremely high amplitude loading. 
Also, “‘fatigue’” failure in any structure always occurs 
from a single application of some load. This load may 
be a relatively low load—the same magnitude as has 
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been continuously applied for millions of cycles—but 
it nevertheless is a discrete load that finally administers 
the coup de grace to the structure. In this case, most 
of the original strength of the material has been lost 
because of fatigue deterioration. Similarly, the final 
failing load may be a relatively large load that occurs 
after only a small amount of fatigue damage has been 
inflicted on the structure. Finally, and obviously the 
end point of this sequence of possibilities, failure may 
come from a single application of very high load before 
any fatigue damage has been done. Thusit is apparent 
that there is no fundamental difference between ad- 
ventitious and fatigue failures. The one blends into 
the other with no evident line of demarcation. It is a 
rather startling concept, but, in fact, it can be said that 
there is no such thing as a fatigue failure. There are 
only adventitious failures at different magnitudes of 
loading, the magnitude of the failing load being a 
function of the loading history (both magnitude and 
sequence) and the consequent amount of fatigue dam- 
age incurred. 


Need for Change in Criteria Emphasis 


From the foregoing, it is evident that past structural 
design criteria established adequate qualitative cover- 
age for a high degree of structural reliability for both 
adventitious and ‘“‘fatigue’’ modes of failure. Ad- 
ventitious failures were held to a minimum by specify- 
ing limit and ultimate conditions that rarely occurred. 
Fatigue failures were limited by indirect methods as 
described previously. Both modes of failure were 
guarded against by implicit methods which resulted 
qualitatively in the desired structural reliability with- 
out ever quantitizing either the reliability level or the 
operational life. 

Past criteria emphasized the prevention of adventi- 
tious failures while only obliquely treating the prob- 
lem of fatigue failure. The situation with which de- 
signers are now faced requires no new concepts. The 
old tried and true concepts are completely adequate. 
All that is needed are methods to rationalize the criteria 
objectives by quantitizing structural reliabilty for a 
given life and by changing emphasis from the ad- 
ventitious failure mode to the fatigue mode. 


Initial Conclusions 


Rationalizing and quantitizing the criteria may re- 
quire initially a mixture of rational and empirical re- 
quirements until all the data and analytical techniques 
necessary for the completely rational approach are 
available. 


Establishing Statistical Criteria 


With the foregoing as a suitable background for 
studying the problem of providing a statistical basis 
for fatigue design criteria, it is now appropriate to ex- 
amine the rationale for such criteria. 

Establishing a fatigue design criteria is a fantastically 
complex undertaking if a thorough job is to be done. 
The undertaking will be approached as follows: 
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(1) Determine the parameters needed to establish 
the required loading spectra. 

(2) Investigate the sources for establishing such pa- 
rameters quantitatively. 

(3) Develop analytical techniques for synthesizing 
the loading spectra for any new aircraft system from 
the parameters established for past systems or from 
a rational analysis of the new mission requirements. 

(4) Formulate structural design criteria embodying 
the principles established in the preceding steps. 


Parameters Required for Loading Spectra 


At present, there is no complete study defining the 
parameters needed to establish the required loading 
spectra. Much work has been accomplished in this 
field, but much remains. A few pertinent observa- 
tions can be made. 

Fatigue is a condition which occurs at localized 
points on the structure. It is, therefore, a function 
of the loading history and the material at that point. 
Determination of the load at a point requires knowl- 
edge of the complex distribution of loads on an air- 
craft for a given set of aircraft parameters. Perform- 
ing these calculations for a few discrete conditions as 
required by present criteria is a major undertaking. 
To do it for multiple combinations of all the parameters 
defining the flight conditions of the aircraft is a colossal 
endeavor. 

At this point in the discussion, it seems proper to 
review the parameters that define the magnitude and 
distribution of loads on an aircraft. In 1954, a Special 
Statistical Maneuver Loads Panel of the Loads Sub- 
committee! recommended that statistical data on 
eight basic aircraft parameters be obtained from opera- 
tional usage. These eight parameters were the three 
linear accelerations, the three angular accelerations, 
air speed, and altitude. With these parameters known, 
the motion of the airplane and the aerodynamic cor- 


ditions determining the distribution of load are com- 4 


pletely defined. It is in the statistical definition of 
these eight parameters that difficulty is encountered. 
Many of the statistical functions of these parameters 
are themselves functions of some or all of the other 
seven parameters. This means the probability func- 
tions are multidimensional and, as a result, extremely 
difficult to define and manipulate in probability cal- 
culations. 

To define the load on a specific structural component 


on the aft fuselage, it is generally necessary to know F 


(1) the horizontal and (2) the vertical tail load plus 


(3) the inertial loads for the particular flight condition | 
being investigated. Each of these three loads is 4 


function of the eight basic parameters defined pre 3 
viously, plus other derived parameters such as the E 
angular velocities, Mach number, and airplane lit) 
coefficient. Thus each of the three loads is a compli 7 
cated function of many parameters, and the load 0! | 
the fuselage component is the sum of the three com | 
licated functions. The complication inherent in the b 
calculation of the single load is compounded whet | 
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the spectrum of this load is desired and it must be 
derived from knowledge of the statistics of each of 
the parameters entering into the calculation of the 
desired load. Some idea of the scope of the problem 
can be obtained from the work by Bouton and Scrooc? 
for a two-element structure and by Bouton and Shirley® 
for a 16-element structure. 

The immensity of the task is compounded again when 
the spectrum of the loading at a single point is ex- 
panded to include the thousands of points all over the 
aircraft. Spectra for these thousands of points are 
needed because each of these points must be individ- 
ually investigated to determine the fatigue failure 
rate at each point and, from this, the airplane failure 
rate and structural reliability. This, then, completes 
the picture of what parameters are needed to define the 
loading spectra for fatigue analysis of an aircraft. 


Sources for Spectra Parameters 


The data sources for establishing the above-men- 
tioned parameters are many and varied. Past work on 
the subject is well known to aeronautical engineers 
and will not be considered at length here except to 
mention a few. Work such as that done by Doo- 
little, Rhodes,’ Donely,* Reynolds,’ Gray,’ Press and 
Mazelsky,? Mayer and Hamer,'® Hamer, Huss, and 
Mayer,'! Sissenwine,!? Barrett,!* Clementson,'* and 
others has contributed much to the store of statistical 
knowledge. 

Despite all these efforts in the past, we simply do 
not have enough information to design an aircraft 
on a statistical basis. From the best information 
available there is no indication that any operational 
airplane has used statistical data as the sole basis for 
structural design. Another indication of this is the 
action taken by the NACA Loads Subcommittee in 
1954. A Special Panel was established to recommend 
to the Subcommittee what action should be taken 
regarding statistical maneuver loads. Included in the 
recommendations of the Panel, which were endorsed 
by the full Subcommittee, was one that a joint mil- 
itary-NACA program be established to measure 
statistically eight parameters chosen to establish 
the motion of the aircraft and the aerodynamic con- 
ditions during the motion. These eight parameters 
were the three angular accelerations, the three linear 
accelerations, air speed, and altitude. Also, the Panel 
recommended that NACA do more research on funda- 
mental criteria problems. 

This eight-channel program gathered momentum 
slowly in the years following until the recent impetus, 
given by the fatigue failures described in previous 
papers, necessitated quick action on the subject. 
As a result, money became available to implement the 
program. An eight-channel recorder was brought to 
the prototype stage, and the remainder of the program, 
originally suggested by the Special Panel, is currently 
being implemented. Reduction of the eight-channel 
data to desired form is being implemented as a joint 
Air Force-Navy-NASA program. A facility with a 


large digital computer and necessary analog equipment 
will be put under contract in the near future. This 
facility will be operated under cognizance of the Bureau 
of Aeronautics. It is expected to require full-time 
operation simply to keep up with the data received 
from the 240 Air Force eight-channel recorders and the 
50 Navy recorders. This information will all go into 
a common pool and will be accumulated as appropriate 
to class of aircraft, mission, etc. Some idea of the 
magnitude of the job is that the present data reduction 
program established over 13,000 separate combinations 
of flight conditions that will be recorded and accumu- 
lated for statistical analysis. 

Norair was awarded a contract by WADC to review 
the eight-channel program already established, recom- 
mend improvements, and determine the ultimate 
objective of a structural criterion. This study is prin- 
cipally directed toward maneuver loads. However, 
the end product should be one in which both 
maneuver and gust loadings can be fitted together 
in determining the loading spectrum for any given 
type of aircraft. There are many other studies in 
the total WADC program. One of major interest, 
in connection with the subject of this paper, is the 
program by Douglas to review all of the past data and 
determine applicable methods for converting these 
data into loading spectra. 

In addition to the eight-channel program, the Air 
Force is instrumenting 2,400 airplanes for a VGH pro- 
gram set up explicitly to obtain fatigue information on 
gusts and landing conditions. Additional data have 
been obtained from airplanes such as the B-47 and 
FJ-4. Furthermore, NASA is currently in the final 
stage of a report on the F-84, giving a large amount of 
statistical data. In addition, F-100 data are being 
worked up on the basis of the information that will 
be available from the eight-channel program. This 
analysis is to show what kind of information can be 
derived from the eight-channel recorder program. 

In recent years it has become apparent that informa- 
tion on low-altitude gusts is necessary for military oper- 
ations, and various procedures have been followed to 
obtain these data. Norair had a contract to measure 
low-altitude gusts with the F-89 and published these 
data in reference 13. Subsequent to this, WADC con- 
tracted with Douglas to obtain low-altitude gust data 
on the RB-66. This operation is currently in progress. 
Gust analysis has become, almost universally, one of 
establishing the power-spectral density of the atmos- 
phere. This stems from work done by Press and Mazel- 
sky,® Clementson,'* Bendat, and others. 

There are many other sources of statistical loading 
data for aircraft, but time prohibits noting them all. 
Unfortunately, much of the early statistical data is not 
in a form amenable for use in establishing fatigue spec- 
tra. The reduction of all of the statistical data that 
have been and are being generated into maneuver, gust, 
and ground loading spectra is a big enough problem to 
warrant a paper on this subject alone. 
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Synthesis of Spectra for New Systems 


In the opening paragraph it was stated that ‘‘the 
basic objective of structural design criteria is to formu- 
late requirements for a structure that will reliably attain 
a specified operational life.” In order to formulate 
these requirements, how the spectrum should be defined 
in order to accomplish what purpose must be known. 
It follows that a rational loading spectrum is one which, 
if properly designed for in the structure, will result in a 
structure which has the required lifetime. The deter- 
mination of this spectrum is, on the surface, relatively 
easy, but in practice it will be extremely difficult. 


It seems to be a general belief that a simple spectrum 
consisting of frequency of attaining a load factor as a 
function of the load factor is all that is needed to define 
the fatigue environment for an aircraft structure. This 
is simply not the case. Fatigue is a condition which 
occurs at a point in the structure and, therefore, must be 
the result of the lifetime loading history at that point. 
It is a truism that no structural component of any air- 
craft has ever failed in fatigue because the frequency of 
occurrence of various center of gravity load factors has 
been excessive. There is no way to determine the 
fatigue life of a composite structure except by deter- 
mining the fatigue life of the basic structural elements 
of that composite structure. This requires knowledge 
of the loading spectrum of each of those basic elements. 


Loading spectrum is used here with a much less re- 
strictive meaning than is common. “Loading spec- 
trum’’ is assumed to mean not only the frequency of 
occurrence of a given load but also the type of load- 
tension, compression, shear, etc., the order of occur- 
rence of these loads, and the probability of encountering 
a different frequency of occurrence. This definition of 
loading spectrum and an understanding of the fatigue 
process in aircraft leads to another interesting observa- 
tion: In order to determine the fatigue life of a struc- 
tural element it is necessary (1) to define the loading 
history of that element at any time during its life, and 
(2) to determine the probability of encountering loads 
of various magnitudes at that particular time in the 
element’s history. The statement above contains the 
inherent assumption that fatigue life is defined—not as a 
number of hours that a structural element will survive, 
period, but—as the probability that the element will 
survive any given number of hours. 


With these ground rules understood to be established, 
the analytical techniques necessary to define the loading 
spectrum for an aircraft structural element may be ex- 
plored. First, it should be said that designers, analysts, 
and those responsible for establishing criteria do not 
fully appreciate the immensity of the task of specifying 
and being able to develop the loading spectrum for each 
of the myriad structural elements. This spectrum is the 
end result of a long-chain of calculations starting with 
the determination of the spectra of various aircraft 
parameters. These airplane parameter spectra, in 
turn, must be derived from definition of the mission of 
the aircraft. 
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The starting point of fatigue design criteria is ob- 
viously an abundanee of statistics. It is assumed that 
the Sources for Spectra Parameters, discussed in a 
previous section, plus other new sources of data, will 
continue to develop statistical data of the type de- 
scribed in the section on Parameters Required for Load- 
ing Spectra. Someday there will be sufficient data avail- 
able to meet the requirements of the analysis described 
in this paper. When that day arrives, it is hoped that 
the capability of the analyst to utilize such data will 
have increased commensurately. To date, there have 
been many researchers in this field of fatigue design 
criteria, but each one has tackled only a small portion 
of the total problem. 

Mayer and Hamer” have considered the problem of 
rationalizing the load spectrum from knowledge of the 
mission of the aircraft and the utilization of the aircraft 
in various phases of that mission. Bouton and Scrooc? 
and Mayer, Stone, and Hamer" have examined the prob- 
lem of deriving, statistically, major component loads. 
Bouton and Shirley* and Hilton and Feigen' have 
looked into some aspects of the loading spectrum for 
structural elements. References 2, 3, and 17 and 
English,'* Freudenthal,'® Pugsley,”® and van der Neut*! 
all analyze the failure rate of components and from this 
derive the total failure rate of the aircraft. Some of 
these references include the effects of scatter in strength 
properties while some do not. Reference 16 takes up 
the question of the effect of confidence limits on the 
load spectra. Reference 19 studies the probability of 
failure under fatigue conditions. 

Each of the reports mentioned above only begins the 
investigation necessary before the techniques described 
can become routine tools of the analyst. No one has 
performed the task of integrating all these partial analy- 
ses into a complete analysis of structural reliability 
under fatigue failure conditions. Until such a study is 
undertaken and all the requirements for loading spectra 
are defined, there will be some uncertainty as to whether 
the present efforts are progressing in the proper direc- 
tion. Thermal effects on structural reliability are con- 
sidered to be beyond the scope of the present paper. 

At this time, it is of interest to consider the spectra 
presented in the proposed fatigue design criteria, MIL- 
A-8866. The -8866 spectra represent a considerable 
advance in the problem of designing rationally to avoid 
fatigue failures. However, these spectra and the other 
requirements of -8866 are not sufficient to obtain the 
freedom from fatigue failures that is desired. Consider 
the case of a population of single elements, each of which 
has a 50 per cent probability of survival for a given 
time. Under these circumstances, approximately 63 
per cent of the elements will have failed at the end of 
the given time. By analogy this can be extended to 
the failure rate of aircraft designed for a specified num- 
ber of flight hours and the load factor spectrum of -8866. 
Since the -8866 spectra represent averages, it might be 
expected that 63 per cent of the aircraft designed to 
MIL-A-8866 will fail sometime before the specified 
number of hours have elapsed. This assumes that the 
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fatigue analysis is precise and that critical components 
are not replaced. The average time to fail may not be 
much less than the specified time, so the resulting effects 
on fleet cost, combat readiness, spares requirements, 
and model life span may be small. Nevertheless, the 
average life will be less than the specified life, even with 
perfect analysis techniques. 

To summarize, the requirements for synthesizing 
loading spectra for new systems and the problems in- 
volved in calculating such spectra appear to be over- 
whelming. 


Formulation of Fatigue Design Criteria 


The objective of a fatigue design criterion is to pro- 
vide an aircraft structure which will not fail, except in 
minor, inconsequential, easily repairable ways, during 
the lifetime of the aircraft which performs its specified 
mission. Regardless of whether or not the state of the 
art can provide such capability, this objective should be 
the stated intent of the criteria. If, as, and when the 
capability is developed to synthesize loading spectra and 
to analyze accurately the fatigue strength and relia- 
bility of the structure, then fatigue design criteria can 
be defined well enough so that the designer and analyst 
can eliminate the large majority of fatigue failures. 

Because of the present state of the art, the actual 
specification of fatigue design criteria should be stated 
in as general terms as possible with specific methods for 
accomplishing the stated objectives left to the designer. 
It is suggested that the specification contain only the 
basic requirements such as desired life, quantitative 
definition of structural reliability, policy decisions on 
matters of the relation between structural reliability 
and total system reliability and performance, need for 
establishing secondary missions, etc. A fundamental 
decision must be made on whether there shall be one re- 
quirement for average life and another requirement for 
safe life. Further, it is suggested that a Criteria Manual 
be published which discusses and, as appropriate, pre- 
sents the basic numerical data required to synthesize 
loading spectra and acceptable methods for performing 
the fatigue analysis. Criteria which result from con- 
siderations of optimizing the structure have no place in 
the criteria specification, but optimization procedures 
could logically be included in the Manual. 

It should be understood that, no matter how care- 
fully the fatigue design criteria are phrased, the state of 
the art is not such that all fatigue failures can be elimi- 
nated. Elimination of the majority of fatigue failures 
is a more realistic objective. If the criteria are com- 
plicated too much in the vain attempt at perfection, 
losses rather than gains may result in the fight against 
fatigue failures. 

Above all, the fatigue design criteria should not take 
such form that tomorrow’s aircraft are being designed 
to overcome yesterday’s problems. 


Conclusions 


The following summarizes the major subjects dis- 
cussed in this paper: 


(1) Previous specifications for structural design 
criteria presented fatigue requirements qualitatively 
and implicitly. Quantitative and explicit requirements 
are needed now. 

(2) Elimination of the majority of fatigue failures is 
a reasonable objective for fatigue design criteria, but 
complete elimination is not. 

(3) The relationship between adventitious and fa- 
tigue failures is discussed. It is noted that, literally, 
there is no such thing as a fatigue failure. 

(4) Synthesis of spectra is a colossal task, but it can 
be done. 

(5) There is still need for a large-scale program to 
gather statistical data for loading spectra. Much 
more research is necessary on methods of utilizing the 
statistical data in the design criteria. 

(6) Statistical data on the eight parameters es- 
tablished for the present eight-channel data recording 
program form the minimum basis for rational fatigue 
criteria. 

(7) The concept is established that fatigue is a 
localized condition so loading spectra for a myriad of 
structural elements must be the end product of the basic 
loading spectra for the complete aircraft. 

(8) The loading spectra really must establish two 
functions. First, the past history of an aircraft at any 
time in its life must be determinable statistically in 
order to determine the probable strength level (fatigue 
damage) of the structural elements at all times during 
the lifetime of the aircraft. Second, the probability of 
encountering a given magnitude load at any given time 
in the history of the component must be known in order 
to compute the probability at any given time. The air- 
craft probability of failure and its inverse, structural 
reliability are the sum total of all the probabilities of 
failure during the previous history of the aircraft. 

(9) Many decisions are needed regarding funda- 
mental questions of design objectives. 

(10) It is suggested that a Fatigue Criteria Manual 
be established to present numerical data on the various 
phases of aircraft utilization and acceptable procedures 
for synthesizing the loading spectra. 

(11) Fatigue analysis with the loading spectra 
MIL-A-8866 will necessarily be imperfect. Com- 
ponent and elemental load spectra cannot be deter- 
mined with only load factor spectra defined. The 
average life resulting from use of the present spectra 
will result in fatigue failures at some time less than that 
specified. 

(12) Some new concepts are introduced and some 
old ones restated. Some of these concepts may be 
controversial. In any event, it is hoped that presenta- 
tion of these concepts will stimulate rational thinking 
on the subject. 
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Evaluation of Thermal Problems 


at Relatively Low Orbital Altitudes 


Lawrence D. Wing, MIAS 


Advanced Programs Group 
The Martin Company 


A. ORBITING vehicle is affected by 
four significant heat sources—direct solar radiation, 
solar radiation reflected off the earth and atmosphere, 
energy radiated from the earth (Fig. 1), and heat 
produced within the vehicle. Cosmic ray heating and 
energy input from meteoric dust are considered negligi- 
ble. 

Radiated heat produces relatively large temperature 
fluctuations on the exposed wall surface of the vehicle. 
For example, if an isolated point on the skin of a vehicle 
in a 50 per cent day—50 per cent night, 300-mile orbit is 
assumed to have an emissivity of 0.4, the temperature 
will oscillate between a low value approaching absolute 
zero and a high value of nearly 440°F. These figures 
represent upper and lower bounds since they apply to 
the most critical locations and neglect all heat transfer 
other than outward radiation from the exposed surface. 

There are two obvious ways of decreasing the ampli- 
tude of the temperature fluctuations—imparting a 
rotational velocity about any vehicle axis or selecting a 
surface material with a higher emissivity. An addi- 
tional, though less effective, method is to design the 
outer skin to provide maximum thermal conductivity, 
thus encouraging the greatest possible heat flow from 
hot to cold spots on the vehicle surface. Of course, any 
combination of these methods may be used. Analysis 
of internally produced heat depends upon the specific 
vehicle configuration. This problem is treated for the 
sample design of Fig. 2. 


Heat Analysis 


The calculation methods which follow consider first 
the general expression and then a sample value cal- 
culated for a 300-mile orbit altitude. The emissivity 
value for the satellite skin is assumed to be 0.4 (con- 
servatively low); the absorptivity is taken as 1.0 
(conservatively high). In an actual analysis, appro- 
priate values for these quantities would be used. 


Estimate of Earth-Radiated Energy Impinging on Satellite 


The earth’s surface temperature (average) is assumed 
to be 14°C., and the average emissivity is taken as 
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An aerothermodynamicist and Senior Engineer, 
Advanced Programs Group, Mr. Wing has been 
closely associated with Martin's design studies 
for Dyna-Soar, America’s first manned boost 
glide vehicle now in the stages of initial 
R&D. He served as a fighter pilot with the 
Royal Canadian Air Force from 1942 to 1945 
and obtained a B.S. degree in civil engineering 
from Rutgers University in 1954. He is a 
member of the IAS and the ARS. 


0.5. Therefore the intensity of radiation at the earth’s 
surface is 


q = EoT;‘ (1) 


emissivity of the earth’s surface 

Stefan-Boltzmann Constant 

surface temperature, °R. 
(0.5)(0.476)(10—!2)(5.174)(108) = 0.01699 B.t.u. /ft.? sec. 


q 


However, the radiation intensity varies with cos ¢, 
where ¢ is the angle between the local vertical and the 
sight line to the satellite (see Fig. 1). 

If J) is the radiation intensity perpendicular to the 
surface and J, is the intensity at any angle, ¢, then 


I, = In cos (2) 


By use of a unit hemisphere placed above the point 
of radiation, it can be shown that the intensity of 
radiation passing through any point on the hemi- 
spherical surface (at an angle @ with the local vertical) 
is given by 


a= In cos 27 sin do 
0 


from which 


Io = (3) 


If Qraa is the energy per unit area perpendicular to 
the satellite local horizontal—i.e., point A—impinging 
on a 300-mile orbital vehicle, then 


‘ 
4 
— 
; 
AM 
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Presented here is a simple way of estimating 
the mazimum and minimum heat inputs experienced anywhere on the outer skin face 
of an orbiting vehicle. From this rather quickly calculated information, 
the designer can determine whether he has a reasonable basis for going ahead 
with a more formal digital computer program, which would take into account 
the orbit, construction materials, and structural configuration. 
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+(4/2) 


Imax 


Qraa 
— (2/2) ad 


R? cos ¢ cos a cos 8 sin 6 d6 da/r? (4) 


(See Fig. 1 for identification of symbols.) 
But, since a is integrated from —(2/2) to 2/2, the 
cos integral equals 2, or 


Qraa = R’ cos ¢ cos 8 sin (4A) 
o° 


cos B = r/Vr? + [(R + h) (1 — cos 8)]? 
which, if (R + h) is assumed ~ R, reduces to 
cos 8 = sin 6/2 sin (6/2) (5) 


6 
Il 


180 — y — 90 + 6 

where y = 90 + arc cos [(R sin 6)/2] 
90 + @ — 90 — arc cos [(R sin 8) /2] 
. = 6 — arc cos [(R sin 6) /2] 


But, again if R ~ R + h, then 


= 36/2 (6) 
Combining Eqs. (4A), (5), and (6) 
Qrad 
[sin 6/2 sin (6/2)] cos (30/2) sinéd6 
2M (7) 
0° 2R*(1 — cos @) 
SOLAR} 
RADIATION BOINTA 4 
ha 
ly 
® SHADED AREA RADIATES 
ENERGY TO POINT A 


EARTH CENTER 


Fig. 1. Earth's radiation affecting a point on a satellite. 


COOLING OUCT No.! 


COOLING DUCT No, 3- 
- OUTER [STRUCTURAL] WALL 
=aah THERMOFLEX INSULATION (FOR ASCENT HEATING ) 
EMPTY SPACE AT AMBIENT PRESSURE->OPS/ABS 
PLASTIC CORE HONEYCOMB- POLISHED ALUMINUM FACES 
EMPTY SPACE AT AMBIENT PRESSURE ->O PSIA 
“CABIN WALL PRESSURE SEALED 


Nonrecoverable orbital vehicle, sample structure. 


Fig. 2. 


Simplification of Eq. (7) yields 
Qraa = 


6 Omax 6 
4 cos’ - do — 3 cos® - (7A) 
2 0° 


The general solution of Eq. (7A) is 
Qraa = 


Om . Om Om 
3.2 cos sin 27 0.8 sin 0.27 sin® (7B) 

_ Integrating Eq. (7A) over the indicated limits, 6maz = 
21° for a 300-mile orbit 


Qraa = 21o(1.436 1.071) = 0.731 
but from Eq. (3), Jo = g/m so, 


Qraa = 0.73 = 0.73(0.01699)/x = 
0.00395 B.t.u./ft.? sec. 


(energy impinging on point A from the earth’s radia- 
tion). Note that the energy absorbed by point A = 
Qa, where a = absorptivity of surface at A. 


Estimated Intensity of Reflected Solar Energy Impinging on 
a Satellite 


In this case, the solar energy is reflected in an energy 
pattern which is hemispherical in shape. To simplify 
the calculations, the Q is assumed to be analogous to 
that of Eq. (4). 


Ip = 
but g ~ 34 per cent of direct solar radiation! 
0.34(0.12286) 


Thus Ip = 0.34(0.12286)/27 = 
sec. 


0.00665 B.t.u./ft.? 
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Fig. 3. Temperature control system. 


Qrea = 210(0.365) = 
0.00486 B.t.u./ft.? sec. (impinging on satellite) 


Note: Encountered only through sun-exposed portion 
of orbit. 


Direct Solar Radiation 


The quantity of direct solar radiation absorbed by 
any point on the satellite is a function of the angle 
between the sun’s rays and the surface and the absorp- 
tivity of the surface. 


Q, = total direct solar radiation absorbed by a unit of area 
on satellite 

a = absorptivity of satellite surface 

@ = angle between sun’s rays and surface 

Qsr = intensity of solar radiation near the earth = 0.1228 
B.t.u./ft.? sec. 
= aQs, sin 6 

= 0.1228 a sin 6 B.t.u./ft.? sec. (8) 


Estimate of Outer Wall Temperatures 


The methods presented thus far are used to estimate 
the maximum and minimum temperatures of points on 
the satellite surface during orbit. These estimates are 
then used to find the total Q into the surface at a given 
time and to determine the temperature at which the 
surface would radiate this energy away 


Qin Qs + Oren Qraa 
Twat! = (Qin/Eo)'”* (9) 


Evaluation of Thermal Barrier for In-Orbit Insulation on 
Configuration of Fig. 2 


Heat transferred from the cabin walls through the 
honeycomb reflector to the outer wall is evaluated by 
the following equation’: 


= — + (Ai/A2)] [(1/E2) — 
(10) 


A, = area of outer surface of cabin wall, ft.? 
= area of inner surface of inner honeycomb face, ft.? 
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T, = temperature of cabin wall, °R. 

T2. = temperature of inner honeycomb face, °R. 

E, = emissivity of cabin wall outer surface 

E, = emissivity of inner honeycomb face (inner surface) 


radiation constant 


Based upon the estimates of Eq. (9), wall tempera- 
tures of the outer walls are averaged. The cabin wall 
is assumed constant at 70°F. In this manner, it is 
demonstrated that the total maximum heat flowing 
out of the cabin is less than the total heat produced 
within the cabin. A more exact analysis, utilizing 
this method and considering the distribution of heat 
around the outer walls by conduction, is extremely 
complicated and would require a digital computer 
program. 


Cabin Thermal Control System 


Fig. 2 shows a thermal control system in which 
insulation is used to contain heat, thus eliminating the 
need for a heater and saving auxiliary power. An air 
ducting system is used for cooling. 

Conductive heat transfer is reduced by the evacuated 
(ambient) space surrounding the cabin. Both outer 
faces of the honeycomb shell are highly polished to cut 
down on transfer by radiation (either inward or out- 
ward). Low-conductivity materials and insulating 
joints are used in all support structures to minimize 
heat transfer by conduction through the metal joints 
and supports. 

The cooling system has two or more (three are shown 
in Fig. 3) alternate channels for the air which exhausts 
from the atmosphere conditioning system. If the 
cabin is at the desired temperature, all reconditioned air 
passes directly into the cabin. As the cabin tempera- 
ture rises above the desired level, the air is directed 
through the duct which is on the ‘“‘cold”’ side of the 
vehicle at that time. Excess heat in the air is dumped 
out of the vehicle through the cold outer wall, and the 
cooled air is then returned to the cabin. Regardless oi 
the orientation or motion of the vehicle, there will be at 
least one cold surface. 

This system lends itself particularly to vehicles which 
are not rotated relative to any axis of the local horizon- 
tal coordinate system—e.g., reconnaissance vehicles 
which are required to maintain constant position 
relative to the local horizontal. However, vehicles 
rotated about their longitudinal axes offer a cold side 
on either the forward or aft end and so would require 
only two alternate cooling paths. 

The design of a cooling system for a specific vehicle 


and the applicability of the described cooling system | 
would, of course, depend upon the ratio of outer surface ~ 


area available to the total amount of heat produced 
within the vehicle. Such items as the vulnerability 0! 
the cooling duct system to meteoritic penetration and 


the condensation of moisture from the recirculating 7 


air on the duct walls are detail design problems which 
must be solved for each vehicle design. 


(Continued on page 64) 
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Potential of Helicopters and VTOL Aircraft © 


Bartram Kelley, MIAS 


Bell Helicopter Corporation 


“The helicopter as a concept is very old, 

but it had to wait for mechanical technology to reach 
a certain point before it became practical. 

Further technological advances may soon make 

other forms of VTOL equally practical.” 


Tus MILITARY establishment has been 
chief sponsor for the development of VTOL aircraft 
and the largest user of helicopters todate. At thesame 
time, there is a steadily growing nonmilitary industry 
covering all parts of the globe and involving itself in a 
surprisingly large number of economic activities. 
Because this commercial helicopter business has proved 
to be firmly established and stable, and because it in- 
cludes a great variety of activities, it provides the best 
basis for judging the potential of future VTOL air- 
craft. I intend to discuss first the small utility heli- 
copter, second, the large utility and passenger-carrying 
helicopter, and, third, other forms of VTOL now under 
development. 


Commercial Applications 


At present there are approximately 650 small utility 
helicopters in commercial operation in the United States 
and Canada, doing something between 30 and 50 
million dollars worth of business per year. This 
business is profitable and is not stimulated by any 
direct or indirect subsidy. The competitors of the 
small helicopters are almost never airplanes; they are 
likely to be boats, horses, trucks, buses, or pedes- 
trians. Only in the cases of agricultural work, and 
power and pipeline patrols, does the airplane some- 
times appear as a direct competitor. The chief com- 
mercial applications have been in remote parts of 
the world—oil fields in the Gulf of Mexico or in the 
Sahara, the mountains of Western Canada, or the 
jungles of South America. There has also been a 
growing use of the small helicopter in the United States 
by law enforcement agencies, radio stations, news- 
papers, road builders, pipeline and other heavy con- 
struction industries, power line patrols, and ex- 
ecutive transports. 


This paper is slightly revised and condensed from an address 
by the author before the New Applications of Air Vehicles 
Session, IAS National Midwestern Meeting on New Frontiers 
for Aviation, Wichita, Kan., Nov. 2-4, 1959. 


Mr. Kelley received his B.A. degree from 
Harvard in 1933 and M.A. degree from the 
same University in 1934. In November, 1941, 
he joined Bell Aircraft Corp. as assistant to 
Arthur M. Young, designer of the first Bell 
helicopter. In 1948 he was appointed Chief 
Engineer of the Helicopter Division and in 
1957 became Vice-President—Engineering of 
Bell Helicopter Corp., the position he now 
holds. Besides being the author of several 
technical papers which have been published 
in various national and international scientific 
journals, he is a past president of the AHS 
and a member of the SAE and the Helicopter Assn. of Great Britain. 
Mr. Kelley has never piloted an airplane, but holds a Commercial Heli- 
copter Pilot's rating and has flown all of the models he has designed 


One large public utility has been patrolling all its 
power lines exclusively with helicopters for almost 10 
years. Before that time, the cost of doing the job on 
foot was approximately $10 a mile. When the heli- 
copter was first introduced, there was a modest reduc- 
tion in cost. Now the figure is down to $1.52 a mile 
as the overall net cost of patrolling the lines by heli- 
copter. 

In the heavy construction industry, all forecasts 
indicate a rapidly increasing potential for the helicopter 
in the near future. At first, only the high-priority top 
executives were carried out to inspect jobs in progress. 
Then, supervisory industrial personnel were carried, 
and this has led to a multiplicity of daily routine uses 
never dreamed of previously. 

Recently a high-altitude market has opened up. It 
has been found that the combination of a piston engine 
with a turbosupercharger is an especially happy one for 
helicopters and allows profitable operation up to 
density altitudes well above 20,000 ft. The helicopter 
replaces teams of men breaking trials and setting up 
camps for such jobs as mapping, prospecting, mining, 
all aspects of forestry, and in fact any human activity 
in mountainous terrain. Recently the valley of the 
Blue Nile in Ethiopia has been surveyed by helicopter. 
Operations were carried on at density altitudes between 
7,000 and 16,000 ft. 

With an expanding world economy and the indus- 
trialization of undeveloped areas, this small helicopter 
industry should continue to flourish and grow to a very 
large dollar volume. In order to realize the potential, 
we must look for a reduction in the present vehicle cost, 
chiefly through a great increase in numbers produced. 

Large utility and passenger-carrying helicopters have 
also made their mark. We are all familiar with the 
scheduled services available in New York, Chicago, 
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FOLDING RIGID ROTOR 


FLAP EQUALIZER LINKAGE 


Fig. 1. Rotor landing system for one-man capsule. 


Los Angeles, Brussels, Milan, etc. These same larger 
machines have also been working in the boondocks 
beside their smaller cousins, and in this role they, too, 
have no competition from the airplane and do not 
concern themselves with passenger-seat-mile cost. 
But when they come into cities to carry people between 
airports and from the airport to the city center or to 
suburbs, the story is different, and the passenger-seat- 
mile cost becomes important. Our three major carriers 
in New York, Chicago, and Los Angeles are all par- 
tially subsidized. As far as the public is concerned, 
they are extremely successful and thousands of passen- 
gers have had to be turned away. The operating 
record has been most impressive, and there is absolutely 
no doubt of the potential for a vast expansion. Per- 
sonally, I see nothing wrong with the present subsidy 
as such. There is hardly any form of public scheduled 
transportation which does not operate at a loss, from 
the lowly subway to the luxury passenger train. The 
airplane industry would certainly have had a hard 
time getting started without subsidies, especially if it 
had been forced to finance its own airports. Cost 
is not the only criterion for the introduction of im- 
provements in transportation. If it were, we would 
not have the steam engine or the automobile. With 


each innovation there is always an increase in cost, 
which must be weighed against the time-saving and 
other advantages. If I had come from Dallas to 
Wichita on the basis of the cheapest passenger-seat- 
mile, I should have walked or ridden a mule. However, 
it must be conceded that the vast potential for the 
short-haul passenger-carrying helicopter cannot be 
realized until some improvements have been accom- 
plished. In addition to a reduction in cost, there must 
be a reduction in maintenance requirements, an im- 
provement in instrument flying capability, and a 
reduction in noise. There are considerably more 
technical improvements needed than in the case of the 
small utility machine, but these improvements are all 
in sight and do not represent large research programs 
or radical breakthroughs. Again we have a chicken- 
and-egg situation because the greatest barrier—cost— 
will be overcome when numbers increase. In Europe 
we are already witnessing intercity helicopter operation 
in almost direct competition with airplanes, and in such 
operations the need for cost reduction is even greater 
because the helicopter becomes a cross-country bus 
instead of a local bus or a taxi. 


Helicopter Characteristics 


Hoverability 


Next I would like to discuss some of the characteris- 
tics of the helicopter which have contributed to its 
success. Foremost, of course, is the ability to hover. 
Now hovering does not merely mean remaining motion- 
less near the ground on acalm day. Hovering implies 
the ability to fly backwards and sideways at speeds 
equaling any wind velocities normally to be expected. 
At first it was thought that the requirement for rear- 
ward flight was overemphasized, but worldwide experi- 
ence has proved that a VTOL must be capable of hover- 
ing in gusty winds from any direction if its potential 
is to be realized. A speed of 30 knots has generally 
been considered acceptable, and in the case of the 
helicopter this means the ability to pass through the 
transition from a hover to flight in any direction. 


Table 1. VTOL and V/STOL Research Aircraft Projects, 1950-1958* 
(Estimated Total Cost—Over $100,000,000) 
Principle of 
Operation Rotor Propeller Ducted Fan Turbojet 


tMcDonnell XV-1 (AF-A) 

TBell XV-3 (AF-A) 
Transcendental (AF-A) 

tKaman K-16 (N) 


Dual propulsion 
Thrust tilting 


Thrust deflection 
Aircraft tilting: 
Tail sitter 


Flying platform Delackner Rotocycle (A) 


Aerial jeep 


TVertol 76 (N-A) VZ-2 
tHiller X-18 (AF) 
Ryan 92 (N-A) VZ-3 
Fairchild M-224 
(A) VZ-5 


Convair XFY-1 (N) 
Lockheed XFV-1 (N) 


{Doak 16 (A) VZ-4 
Piasecki Ring-Wing (N) 
Collins Aerodyne 

(N-A) 


{Bell X-14 (AF) 


Ryan X-13 (AF) 


Hiller (N-A) 

Aerial jeeps (A) 
Aerophysics VZ-6 
Chrysler VZ-7 
Piasecki VZ-& 


* Sponsored by military services, U.S. Department of Defense. 


¢ Article in AHS Journal, January, 1959. 
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Autorotation 


A second characteristic is autorotation. Any single- 
engine VTOL must naturally be able to make a safe 
descent and landing in the case of power failure. All 
flight controls must function normally, and the dead 
stick landing itself must not require extreme pilot 
proficiency. As in the case of fixed-wing airplanes, 
multiengine installations can modify this requirement, 
but it is still necessary to demonstrate varying degrees 
of partial power failure. 

The extent to which autorotation is used in normal 
helicopter operations is not generally appreciated even 
in aviation circles. The usual approach to a spot is 
made with very little or no power and at a steep angle 
of descent. It would be a distinct handicap to have to 
approach at cruising speed and treetop level before 
coming to a hover for the helicopter would lose its 
invaluable ability to get into and out of tightly con- 
fined areas. Good stability and handling character- 
istics during steep descents have not always been 
easily achieved and should certainly be considered 
in evaluating the potential of any future VTOL con- 
figurations. Not only can the helicopter pilot descend 
from cru’sing altitude very steeply, but he is never 
committed and can always change his mind and abort 
any landing except in case of power failure. 


Downwash Velocity 


Another consideration is that of downwash velocity. 
The disc loadings of helicopters actually in service have 
covered a wide range, and already a limit has been 
reached where excessive downwash velocity has become 
a severe operational hazard. Yet there is a tendency 
to ignore the problem when considering new forms of 
VTOL. A machine which can hover only over a 
prepared surface will be greatly limited in its potential 
even if it can fulfill certain specialized missions. For 
the point of the helicopter is that it can go anywhere, 
and its economy depends on its amazing versatility. 
If this versatility is reduced, then there must be a 
corresponding reduction in cost or some other compen- 
sating advantage. A VTOL which costs more than a 
helicopter and has less versatility clearly cannot com- 
pete on an economic basis. 

A shortcoming of today’s helicopters is their com- 
paratively low cruising speed. True, there are many 
jobs where speed is of only minor importance, but, 
nevertheless, an increase from today’s 100-knot cruise 
to something in the 170-200-knot range would be 
highly desirable. Although this is primarily true in 
military applications, speed also has a strong effect on 
the seat-mile costs of passenger-carrying machines. 
Some progress is currently being made, and helicopters 
cruising faster than 150 knots are beginning to come 
into sight. 


Other VTOL’s 


Next let us consider VTOL’sother than the helicopter. 
The Journal of the American Helicopter Society for 


Fig. 2. “Snowflake’—design proposed for the microwave-powered 


platform system. 


January, 1959, was devoted entirely to the subject of 
VTOL. This issue represents probably the best avail- 
able summary of the present state of research and is a 
must for anybody interested in the subject. In par- 
ticular, the military point of view is ably presented in 
this magazine by Horton & Klingenhagen. Table 1, 
which is adapted from Fig. 13 of Horton & Klingen- 
hagen, shows a listing of some recent projects and their 
principles of operation. In general, as we look from 
left to right we go in the direction of increasing down- 
wash velocity and decreasing hovering efficiency. 
This disadvantage must be offset by an increase in 
cruising speed in order to show a useful potential. 
For example, if the aerial jeeps cannot reach speeds 
appreciably higher than the helicopter, their economic 
future is definitely clouded. (Ground pressure ma- 
chines are not included because they are outside the 
scope of our discussion.) Now bearing in mind the 
flying qualities of the helicopter which have made it 
commercially successful, we see that in general the 
machines toward the left side of the chart tend to be 
more practical than those toward the right. Going 
from the rotor toward the turbojet, we move in the 
direction of increased specialization and less general 
utility, hence less commercial potential. Military 
potential will depend on the overpowering importance 
assigned to any one particular mission, and we must 
leave this mission evaluation to our professional mili- 
tary people. 

In the meantime, it is most important to continue 
the present intensive researches and test bed evaluations 
in order to explore all possible means of VTOL. It is 
equally important to continue work in methods, ma- 
terials, and power-plant and propulsion devices. The 
helicopter as a concept is very old, but it had to wait for 
mechanical technology to reach a certain point before 
it became practical. Further technological advances 
may soon make other forms of VTOL equally practical. 

I would like to point out one or two examples of 
highly specialized rotary wing aircraft aimed at specific 
high-priority missions. It is possible that a rotor could 
be used for re-entry and landing of a manned satellite 
capsule (Fig. 1). The autorotating rotor may well 
provide advantages in dealing with the aerodynamic 
heating problem encountered during re-entry, and will 
also allow the pilot to maneuver while selecting his spot 
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and making a safe landing. A rotor may also be used 
for recovery of first-stage boosters. 

Fig. 2 shows a configuration designed to hover at 
about 60,000 ft. It has been proposed to generate a 
vertical beam of electromagnetic energy which would 
supply power for the helicopter. The purpose would be 
to support radar antennas and communications equip- 
ment at high altitude. 


Conclusions 


The following points may be stated in summary: 

(1) The commercial potential of small helicopters in 
industrial work is very large and is just beginning to 
open up. 

+ 


Propeller Effects on VTOL (cont. from poge 52) 


tional Propellers for VTOL-STOL Aircraft, Hamilton Standard 
Report HS-1829. 

7 McLemore, H. Clyde, and Cannon, Michael D., Aerodynamic 
Investigation of a Four-Blade Propeller Operating Through an 
Angle of Attack Range from 0° to 180°, NACA TN 3228, June, 
1954. 

8 Kuhn, Richard E., and Draper, John W., Investigation of 
the Aerodynamic Characteristics of a Model Wing-Propeller Com- 
bination and of the Wing and Propeller Separately at Angles of 
Attack up to 90°, NACA Report 1263, 1956. 

9 Jewel, J. W., and Heyson, Harry H., Charts of the Induced 
Velocities Near a Lifting Rotor, NASA Memo 4-15-59L, May, 
1959. 

10 Cleary, Harold E., The Effects of Reynolds Number on the 
Application of NACA 16-Series Airfoil Characteristics to Pro- 
peller Design, NACA TN 259, Jan., 1952. 

1 Borst, H. V., and Glover, L. S., Application of Theodorsen’s 
Theory to Strip Analysis Procedure of Single-Rotation Propellers, 
Curtiss-Wright Report C-2070, 1949. 

12 Gray, Robin B., A Review of Rotor Induced Velocity Field 
Theory, Princeton Univ. Aero. Engrg. Report 248, Jan., 1954. 

13 Gray, Robin B., An Aerodynamic Analysis of a Single- 
Bladed Rotor in Hovering and Low-Speed Forward Flight as Deter- 
mined From Smoke Studies of the Vorticity Distribution in the 
Wake, Princeton Univ. Aero. Engrg. Report 356, Sept., 1956. 

1 Kawada, Sandi, Calculation of Induced Velocity by Helical 
Vortices and its Application to Propeller Theory, Tokyo Imperial 
Univ. Report of the ARI 172, 1939. 


-~+ + 


(Continued from page 57) 


Loading Spectra 


Design Criteria; Structural Reliability, presented at IAS Specialist 
Meeting, Feb., 1956. 

3 Bouton, I., and Shirley, R. E., Probability Consideration in 
Structural Design, Norair Report NAI-58-387, Sept., 1959. 

* Doolittle, J. H., Accelerations in Flight, NACA TR 203. 

5 Rhodes, R. V., and Lundquist, E. E., Preliminary Study of 
Applied Load Factors in Bumpy Air, NACA TN 374, 1931. 

® Donely, P., Summary of Information Reiating to Gust Loads 
on Airplanes, NACA Report 997, 1950. 

7A Summary of Flight Load Data Recorded in Tactical and 
1 raining Operations During the Period of World War II, IAS Pre- 
print No. 235, July, 1959. 

8Gray, F. P., Maneuver Load Data from Jet-Fighter Combat 
Operations, WADC TN 55-12, May, 1955. 

® Press, H., and Mazelsky, B., A Study of the Application of 


64 Aero/Space Engineering + March 1960 


(2) The potential of larger passenger-carrying heli- 


copters is equally great but slightly further in the | 


future since costs must be reduced and some engineering 
refinements are needed. 

(3) In general utility work the proved flight charac- 
teristics of the helicopter must be retained by any 
VTOL. Control in rearward flight and in steep des- 
cents has not been sufficiently emphasized. 

(4) The more inefficient forms of VTOL other than 
the helicopter can be justified only if they are adapted 
to specific, high-priority missions. 

(5) Technological advances such as improvements in 
the properties of materials will be responsible for the 
next steps in exploration of the unlimited potential for 
VTOL. 


+ 


Power-Spectral Methods of Generalized Harmonic Analysis to 
Gust Loads on Airplanes, NACA TR 1172, 1954. 

10 Mayer, J. P., and Hamer, H. A., A Study of Means for 
Rationalizing Airplane Design Loads, NACA RM L55E138a, June, 
1955. 

4 Hamer, H. A., Huss, C. R., and Mayer, J. P., Comparison 
of Normal Load Factors Experienced with Jet Fighter Airplanes 
During Combat Operations with those of Flight Tests Conducted 
by the NACA During Operational Training, NACA RM L54El8, 
July, 1954. 

12 Sissenwine, N., Windspeed Profile, Windshear, and Gusts for 
Design of Guidance Systems for Vertical Rising Air Vehicles, 
AFCRC No. 57, Nov., 1954. 

18 Barrett, J. O., A Preliminary Study of Atmospheric Gust 
Conditions at Low Altitudes, WADC TR 57-2538, April, 1957. 

14 Clementson, G. C., An Investigation of the Power Spectral 
Density of Atmospheric Turbulence, Ph.D. Thesis, M.I.T., 1950. 

18 Bendat, J. S., Principles and Applications of Random Noise 
Theory; John Wiley & Sons, Inc., New York, 1958. 

16 Mayer, J. P., Stone, R. W., Jr., and Hamer, H. A., Notes on 
a Large-Scale Statistical Program for the Establishment of Maneuver 
Loads Design Criteria for Military Airplanes, NACA RM 
L57E80, July, 1957. 

17 Hilton, H. H., and Feigen, M., Minimum Weight Analysis 
Based on Structural Reliability, Feb., 1958, presented to Third 
Symposium on High-Speed Aerodynamics and Structures, San 
Diego, Calif., March, 1958. 

18 English, J. M., Criteria for Structural Design as Related to 
Material Properties, Harvey Aluminum Co. Report, July, 1956. 

19 Freudenthal, A. M., The Safety of Aircraft Structures, 
WADC TR 57-131, July, 1957. 

2 Pugsley, A. G., A Philosophy of Aeroplane Strength Factors, 
British Report R&M 1906, Sept., 1942. 

21van der Neut, A., Some Remarks on the Fundamentals of 
Structural Safety, AGARD Report No. 155, Nov., 1957. 


+ 


Thermal Problems (Continued from page 60) 


References 


1Goldman, D. T., and Singer, S. F., Studies of a Minimum 
Orbital Unmanned Satellite of the Earth, Pt. II, ‘Radiation and 
Equilibrium Temperature,” Astronautica 0/86-733, Zeilen 
Garmond, presented at 7th Congress of International Astro- 
nautical Federation, Rome, Sept., 1956. 


2 Giedt, Dr. W. H., Principles of Engineering Heat Transfer; © 


D. Van Nostrand Co., Inc.. Princeton, N.J., 1957. 


? Oehrli, R., and Lundeberg, J., Applied Structural Cooling, 3 


Martin Co. ER-7797-3Kk. 


4 
F 
( 
4 
> 
A 
1! 
a 
| 
q 
5! 
5 
7 5 
5 
5 
5 
: 5! 
5 
5 


alysis 
Third 
, San 


ted to 
56. 
tures, 


zctors, 


‘als of 


e 60) 


nimum 
yn and 
Zeilen 
Astro- 


ansfer; 


‘ooling, 


Potential of the Air-Cushion Vehicle 


(Continued from page 47) 


References 


1Chaplin, Harvey, and Stephenson, Bertrand, Preliminary 
Study of the Hovering Performance of Annular Jet Vehicles in 
Proximity to the Ground, Taylor Model Basin Aero Report 947, 
Aug., 1958. 

2 The Role of the Ground Effect Vehicle in Transportation, 
Pubn. No. U-669, Aeronutronic, Ford Motor Co., Oct., 1959. 
(Presented at Symposium on Ground Effect Phenomenon, Oct. 
21-23, 1959.) 

Chaplin, Harvey R., A Preliminary Design Technique for 
Annular-Jet Ground Effect Machines (GEM’S), Taylor Model 
Basin Report 1371 (Aero Report 966), Sept., 1959. 

4 Tinajero, A. A., Effect of Vehicle Planform on Performance, 
Taylor Model Basin. (Presented at Symposium on Ground 
Effect Phenomenon, Oct. 21-23, 1959.) 

5 Carter, A. W., and Kuhn, R., Research Related to Ground Effect 
Machines, NASA, Langley. (Presented at Symposium on 
Ground Effect Vehicles, Oct. 21-23, 1959.) 

6 Gabrielli, G., and von Karman, Th., What Price Speed?, 
Mechanical Engineering, Vol. 72, No. 10, Oct., 1950. 

7 Summary Tables, pp. 195, 197, 201, Aviation Week, March 9, 
1959. 

8 MacRostie, J. J., Vehicle Requirements Are Tricky, Missiles 
and Rockets, July 27, 1959. 

*U.S. Army, Military Vehicles, TM 9-2800-1, Feb., 1953. 


IAS PAPERS 


7th Anglo-American Aeronautical Conference 
New York, October 5-7, 1959* 


MEMBER PRICE—$0.50 


NONMEMBER PRICE—$1.00 


59-127 Instrumentation for Space Science Research—John W. Townsend, Jr. 
59.128 Aircraft Fatigue—A Survey of Current Thought—R. J. Atkinson 


59-129 Study of Stability and Control Characteristics of Atmosphere-Entry Type 
Aircraft Through Use of Piloted Flight Simuletors—B. Y. Creer, D. R. 
Heinle, and R. C. Wingrove 

59-130 Engines for VTOL Aircraft—H. Pearson 


59-131 The Work of the Blind Landing Experimental Unit—W. J. Charnley 


59-132 Design Philosophy for High Acceleration and Temperature—B. O. Heath 


59-133 Interactions Between the External Flow and Rocket Exhaust Nozzle— 
Carl F. Schueller 
59-134 Flying Qualities Associated with Several Types of Command Flight 


Control Systems—S. A. Sjoberg 
59-135 Unresolved Civil Airworthiness Problems—Water Tye 


59-136 Research and Development Program for Future Air Traffic Control Systems 
—Alden C. Packard 


59-137 Tegrnedynenies and Heat Flow Analysis by Lagrangian Methods—M. A. 
iot 


59-138 The Behavior of Supersonic Boundary Layers in the Presence of Shock 
Waves—G. E. Gadd and D. W. Holder 


The Technical Development of the DHC-4 Caribou Utility STOL Aircraft— 
R. D. Hiscocks 


59-141 Regent Studies of Satellite Orbits—E. C. Cornford, D. G. King-Hele, and 


. Merson 
59-142 The Future of Automatic Control of Fixed Wing Aircraft—G. A. Whitfield 
59-143 Re-Entry Studies in Free Flight Ranges—G. V. Bull 


59-144 Some Considerations of Shape and Control for Hypersonic Vehicles— 
H. Metcalfe 


59-145 Blind Take-Off and Landing Considerations for Present and Future Air- 
craft—N. C. Harnois and G. H. Stocker 


59-140 


Order by number from: Special Publications Dept., 
IAS, 2 E. 64th St., New York 21, N.Y. 


SOUTHWEST. 


-ALIGNING BEARIN 


PLAIN TYPES ROD END 


TYPES 4 
© PATENTED U. S. A. 


World Rights Reserved 


CHARACTERISTICS 
ANALYSIS RECOMMENDED USE 


Stainless Steel Ball and Race { For 
Chrome Alloy Steel Ball { For types operating under high radial 
and Race ultimate loads (3000-893,000 Ibs.). 
Bronze Race and Chrome { For types operating under normal loads 
Steel Ball with minimum friction requirements. 


Thousands in use. Backed by years of service life. Wide variety of 
Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in similar 
size range with externally or internally threaded shanks. Our Engi- 
neers welcome an opportunity of studying individual requirements 
and prescribing a type or types which will serve under your demand- 
ing conditions. Southwest can design special types to fit individual 
specifications. As a result of thorough study of different operating 
conditions, various steel alloys have been used to meet specific 
needs. Write for Engineering Manual No. 551.Address Dept. ASE60 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 


Now Available 
Eleventh Edition 


The 1957 Edition of the 


AERONAUTICAL ENGINEERING 
INDEX 


¢ 8,600 entries for reports, periodical articles, 
—- papers, books, and technical publi- 
cations. 


¢ Includes full text of abstracts published in 


International Aeronautical Abstracts. 
® Convenient Subject and Author Indexes. 
© Worldwide Coverage. 


AN INDISPENSABLE REFERENCE TOOL for the aerospace 
scientist and engineer in speedily locating literature on 
specific subjects relating to the design, development, and 
operation of aircraft, missiles, rockets, satellites, and 
spacecraft. 


Member Price: $10. Nonmember Price: $15.* 
(*Add $1.00 for orders outside the U.S.A.) 
Copies may be obtained by writing to: 


Special Publications Dept. 
IAS, 2 East 64th St. e New York 21, N.Y. 


March 1960 + 


Aero/Space Engineering 65 


SEL GS 
EXT. 
INT. 
= 
for 
une, 3 
3 
anes 
ucted 4 
E18, 
$ 
Cus 
7 
950. 
28 On 

jp 
| 
| 
3 


66 


The “Doubting Thomas” who ques- 
tions the practical value of today’s 
space shots is answered by a grow- 
ing list of useful satellites... 


Just as a military need for radar 
helped you have TV sooner, so you 
can expect peacetime benefits to come 
from rocket and missile research. 
Space probes have already revised 
our concept of Mother Earth’s figure. 
Now geographers suggest maps made 
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by camera from a cartographic satel- 
lite. It would give us the first com- 
pletely accurate map of the world—a 
project of major value in defense. 

While the map-making satellite is 
still to come, a rocket that can orbit 
it—the Douglas Thor—is already 
called “‘workhorse of the Space Age.” 
It has been successful in more than 
90% of its firings. It boosted the first 
nose cone recovered at ICBM range, 
and is already deployed at NATO 
sites abroad. Now the Douglas Delta, 
NASA’s advanced research version 
of Thor, is ready to probe even deeper 
into space. 


A series of satellites which will add to 
our knowledge of the world we live 
in are going into orbit. A major role 
in this research goes to the Douglas 
Delta, a research version of Thor. 
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dynamic systems in relation to other diagnostic 
means. Procedures for extracting plasma data 
from magnetic field plots are outlined together 
with specific examples. 


The Effects of Electrode Contamination on the 

_Air-Arc H. Y. Wach- 

J. Linevsky, and J. H. McGinn. G-E 

AL R598 D427, Sept. 21, 1959. 25 
Pp. 

On the Approximation Method in Investigation 
of Plane Rotational Flow in ee ag 
ics. I. I. Nochevkina. Sov. Phys. - Dokl., 
1959, pp. 549-553. Translation. 


Waves in 
Ionized Gas. I. D. Cole. Planetary & 
Space Sci., Sept., 1939, pp. 319-324. 13 refs. 
Application of the transport equations to deter- 
mine coefficients that are generalizations for any 
frequency of electric field of the parallel, Peder- 
sen, and Hall conductivities in a fully ionized 
gas. The coefficients are used in an investiga- 
tion of the propagation of weak electromagnetic 
and hydromagnetic waves of all frequencies 
across a homogeneous and constant magnetic 
field in a rarefied, fully ionized gas. 

On the Calculation of Shock Waves in Mag- 
netohydrodynamics. M.I.Kiselev. Sov. Phys.- 
Dokl., Dec., 1959, pp. 517-520. Translation. 
Presentation of a method for simplifying the 
calculations of the parameters of the medium 
behind the wave front by reducing the power 
of the equation by one. 

Shock Waves with Discontinuous Gas Con- 
ductivity Situated in an Electromagnetic Field. 
G. A. Lyubimov. Sov Phys. - Dokl., Dec., 1959, 


Gas 


a Fully 


pp. 510-513. Translation. 

Flexure of a ie egy Arc Under 
Forced Convection. G. Thiene. Plasmadyne 
Corp. NO8S- (AFOSR TN_ 59- 


947), Aug. 25, 1959. 83 pp. Analysis of the 
nature of the "physical mechanism which mait- 
tains an arc in the presence of forced convection. 
An analogy is qualitatively drawn between the 
convection-loaded arc model and a structural 
beam with a distributed load. 

An Experimental Study of Spark Stabilization 
by a Gas Vortex. Christopher Cobb and V. 
Blackman. Plasmadyne Corp. TN T 3T NO99- 
334 (AFOSR TN 59-925), Aug. 28, 1959. 32 pp. 
Investigation of the discharge of sparks along 
the axis of a vortex’ by a time-resolved photo 
graphic study. 

Sound Pulses in a Conducting Medium. F. 6. 
Friedlander. Cambridge Philos. Soc. Prot» 
Oct., 1959, pp. 341-367. Analysis of the propa 
gation of ‘small disturbances in a compressible 


fluid which is also a conductor of electricity, [ 


the presence of a magnetic field. The character 
istic feature of the problem is that it combines 
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The recent demonstration of multi-purpose 
test equipment (MPTE), developed by 


evaluation equipment, capable of checking 
a variety of electromechanical devices, 


Mae RCA under a series of Army Ordnance con- ranging from radar subassemblies to missile 
oe tracts, highlights a new dimension in auto- guidance computers. MPTE provides the 
— mated multi-use systems support and culmi- stimuli, programming, control, measure- 
am nates a long-term RCA effort in this field. ment and test functions for the NIKE AJAX, 
» 1958, This General Evaluation Equipment is an NIKE HERCULES, LACROSSE, HAWK 
Unie automated, transistorized, dynamic check- and CORPORAL missile systems and has 
1 = out system. It contains a completely modu- been extended to other weapons systems 
re larized array of electronic and mechanical related to our defense efforts. 
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sound waves and magnetohydrodynamic waves. 
The theory is based on linearized equations which 
generalize the equations of motion of the theory 
of sound. Energy dissipation by viscosity, heat 
conduction, and Joule heat is neglected, and so is 
the displacement current. 


Propagation Characteristics of Detonation- 
Generated Plasmas. M. A. Cook, R. T. Keyes, 
and L. L. Udy. J. Appl. Phys., Dec., 1959, pp. 
1881-1892. 11 refs. USAF-supported presenta- 
tion of studies showing the electrical properties of 
highiy ionized, detonation-generated plasmas 
ejected into various gaseous media at the base 
surfaces of high explosives. 


On Magnetohydrodynamic Channel Flow. J. 
E. McCune and W. R. Sears. J. Aero/Space Sct., 
Feb., 1960, pp. 139, 140. Examination and 
clarification of previous papers by Resler and 
Sears on the subject of channel flow. 


Similar Solutions for Boundary Layers in 
Constant-Temperature Magneto-Gasdynamic 
Channel Flow. J.L.Kerrebrock. J. Aero/Space 
Sci., Feb., 1960, pp. 156, 157. 

Electric Propulsi Measur ts with a 
Small Thrust Plasma Generator. B. Gorowitz 
and B. W. Harned. SAE Natl. Aero. Meeting, 
New York, Mar. 31-Apr. 3, 1959, Preprint 63T. 
18 pp. 14 refs. Measurements of velocity and 
momentum of plasma bursts, both in single-shot 
and pulsed operation over a range of pressures 
and input energies for various magnitudes and 
directions of magnetic field at the gaseous dis- 
charge. 

Motions with Initial Gradient. I. Gheorghitza. 
Quart. J. Mech. & Appl. Math., Aug., 1959, pp. 
280-286. Analysis of the motion of incompress- 
ible fluids in a porous medium when the modulus 
of the gradient of the dynamic pressure surpasses a 
given value. 

Slow Rotatory Motion of a Circular Disk About 
One of Its Diameters in a Viscous Fluid. R. P. 
Kanwal. (ASME West Coast Conf., Stanford, 
Sept. 9-11, 1959, Paper 59—APMW-6.) ASME 
Trans., Ser. E - AM, Dec., 1959, pp. 485-487. 
10 refs. Army-sponsored presentation of an 
analytical solution for the case of a rigid circular 
plate rotating about a diameter in its plane and 
placed in an infinite mass of viscous fluid. For- 
mulas are derived for the velocity components, 
pressure, and couple experienced by the disc. 


Propagation of Weak Disturbances in a Gas 
Subject to Relaxation Effects. F. K. Moore 
and W. E. Gibson. (JAS 27th Annual Meeting, 
New York, Jan. 26-29, 1959, Rep. 59-64.) J. 
Aero/Space Sci., Feb., 1960, pp. 117-127. 15 
refs. USAF-supported research. 


Exact Solutions for the Propagation of Ex- 
plosion Waves in a Gravitating Gas with Zero 
Temperature Gradient. E. V. Ryazanov. Sov. 
— - Dokl., Dec., 1959, pp. 537-540. Trans- 
ation. 


On Particularities Near the Detonation Center 
and on the Appearance of Two Shock Waves. 

. N. Kochina. Sov. Phys. - Doki., Dec., 1959, 
pp. 544-548. Translation. Analysis of the 
problem of point detonation in a compressible 
medium. 

The Effect of an Electromagnetic Field on the 
Detonation Regime. G. A. Lyubimov. Sov. 
Phys. - Dokl., Dec., 1959, pp. 526-528. Trans- 
lation. Analysis taking into account the fact 
that after the passage of the detonation wave the 
gas becomes conducting. 


A Graphical Solution for Normal Shock Waves 
in Real Gases. Ch. E. Treanor. J. Aero/Space 
Sci., Feb., 1960, pp. 158-160. USAF-supported 
study. 


An Example of Plane-Parallel Transonic Flow 
with a Curved Density Step Terminating Within 
the Flow and Having a Stream Function. I. 
Biibosunov. Sov. Phys. - Dokl., Dec., 1959, 
pp. 532-536. Translation. 


On the Development of a Vortex Street in a 
Free Convection Boundary Layer. Tetsu Fujii. 
JSME Bul., Nov., 1959, pp. 551-555. Meas- 
urement in free convection boundary layers for 
ethyleneglycol or water along a vertical cylinder. 
At the point of the transition from a laminar 
layer to a vortex street layer, the number of the 
vortices developed per unit-time and their pitch 
in the vortex street are measured. 


On the Structure of Vortical Layers in Super- 
sonic and Hypersonic Flows. H. . Cheng. 
(Cornell Aero. Lab. Rep., Oct., 1959.) J. Aero/ 
Space Sci., Feb., 1960, pp. 155, 156. 


Symmetric Vortex Separation on Circular 
Cylinders and Cones. A. E. Bryson. (ASME 
Summer Conf., Troy. June 18-20, 1959, Paper 
59-APM-13.) ASME Trans., Ser. E - AM, 
Dec., 1959, pp. 643-648. 14 refs. Application 
of the lumped vorticity approximation suggested 
by Edwards and Hill to analyze the symmetric 
vortex separation observed on the leeward side 
of slender bodies of revolution at high angles of 
attack in the subsonic to moderately supersonic 
range. The equivalent unsteady two-dimen- 
sional problem of indicial motion of a cylinder 
in an incompressible fluid with symmetrical 
vortex wake is also considered. 


Internal Flow 


Application of Boundary-Layer Theory in 
Turbomachinery. H. Schlichting. (ASME An- 
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nual Meeting, New York, Nov. 30-Dec. 5, 1958.) 
ASME Trans., Ser. D - BE, Dec., 1959, pp. 543- 
551. 26 refs. Presentation of a method to cal- 
culate the aerodynamic coefficients of cascades, 
and application of these results to the theory of 
turbomachines. 


Résumé of the Supersonic-Compressor Re- 
search at NACA Lewis Laboratory. W. W 
Wilcox, E. R. Tysl, and M. Hartmann. 
(ASME Annual Meeting, New York, Nov. 30- 
Dec. 5, 1958, Paper 58-A-177.) ASME Trans., 
Ser. D - BE, Dec., 1959, pp. 559-568. 35 refs. 
Review of the development program discussing 
the objectives and results of the various experi- 
ments and associated analyses. 


Radial Equilibrium in Supersonic Compressors 
A. G. Hammitt and S. M. Bogdonoff. SME 


Annual Meeting, New York, Nov 30-Dec. 5, 
1958, Paper 58-A-110.) ASME Trans., Ser. D - 
BE, Dec., 1959, pp. 552-558. Analysis showing 


that radial equilibrium through shock waves in 
both rotors and stators of supersonic compressors 
is possible for both oblique and normal shocks. 
The most restricted case for which equilibrium is 
possible in a stator is a normal shock with vari- 
able total head or an oblique shock with variable 
shock angle. 


Sulla Determinazione dei Triangoli di Velocita 
e del Calettamento delle Pale Rotoriche in un 
Compressore Assiale Munito di Rotore con Pale 
Orientabili. Oreste Acton. L’ Aerotecnica, Aug., 
1959, pp. 120-125. In Italian. Determination of 
velocity triangles and pitch angles of rotor blades 
in an axial compressor with constant angular 
velocity. Previously derived results are used to 
calculate the theoretical blade angles correspond- 
ing to different values of the mass flow. 


The Normal Rule of ‘‘Leading and Lagging 
Vectors’? and Deviations from This Rule in an 
Axial Turbomachine Stage. V. T. Yourinsky 
and R. G. Narayanamurthi. Indian Inst. Sct. 
J., Sect. B, July, 1959, pp. 17-22. 

Effects of Fluid Viscosity on the Flow in the 
Impeller of Centrifugal Type Hydraulic Machin- 
ery. Goro Kamimoto, Yoshihiro Matsuoka, 
and Hideo Shirai. JSME Bul., Nov., 1959, pp. 
624-629. 

Theory of Centrifugal Type Impeller with 
Vanes of Arbitrary Form. Goro Kamimoto and 
Yoshihiro Matsuoka. JSME Bul., Nov., 1959, 
pp. 630-637. 14 refs. Presentation of a method 
of conformal mapping, based on the mapping 
function, which maps an impeller with logarith- 
mic spiral vanes into a unit circle. The calcu- 
lated results are compared with the experimental 
ones for impellers with three types of vanes. 


Investigation of the Effect of a Guide-Vane- 
Rotor Combination on Inlet Total-Pressure Dis- 
tortions in a Compressible Fluid. G. C. Ashby, 
Jr. U.S., NASA TN D-123, Dec., 1959. 15 pp. 
Iavestigation to determine the effectiveness of 
having a 90° included angle between the absolute- 
and relative-flow directions at the inlet of a com- 
pressor in reducing an inlet total-pressure distor- 
tion. 


Gas Flow with Straight Transition Line. .V. 
Ovsiannikov. (Prikl. Mat. i ekh., 9, pp. 
537-542.) U.S., NACA TM 1295, May, 1951. 
13 pp. Translation. Analysis of a gas flow when 
the constant pressure in the surrounding medium 
is exactly equal to the critical pressure for a given 
initial state of the gas. For a jet flowing out of 
the opening of a vessel with plane walls, it is 
shown that equalization of the flow in the jet is 
attained at a finite distance from the start of the 
free jet, the line of transition being a straight line, 


An Approximation for Subsonic Flow Through 
an Orifice. P. G: Morgan. J. Aero/Space Sct., 
Feb., 1960, p. 160. 


The Effect of Density on Jet Flow at Subsonic 
Speeds. A. H. Craven. Coll. of Aeronautics, 
Cranfield, Rep. 120, July, 1959. 20 pp. Anal- 
ysis based on the assumption that the velocity 
and density distributions across a jet of one gas 
issuing into a stream of a second gas are of ex- 
ponential form. The momentum integral ap- 
proach is used to find the variation of centerline 
velocity downstream of the potential core. 


Uber die Auslegung zweistufiger Heisswasser- 
ejektoren. Otto Lutz and Egbert Riester. 
ZFW, Dec., 1959, pp. 350-355. 10 refs. In 
German. Discussion of two-stage hot water 
ejectors, covering the mass flow for which the 
second ejector has to be designed and the extent 
to which the mass flow and the dimensions of this 
ejector could possibly be reduced by means of 
cold water injection. 


On an Exact Solution of Laminar Mixing of 
Two Different Gases. L. G. Napolitano. (U. 
Naples Inst. Aero. TN 1, I.A. Rep. 10, Apr., 
1 J. Aero/Space Sci., Feb., 1960, pp. 144, 
145. 


The Critical Pressure Ratio for a Series of 
Steam or Gas piomenins Orifices and Its Ef- 
fect on the Maximum Discharge of the System. 
R. Szewalski. Acad. Pol. Sci. Bul., Tech. Sci. 
Ser., No. 9, 1959, pp. 541-546. 


Untersuchungen und Beobachtungen iiber die 
Arbeitsweise von Axialpumpen unter besonderer 
Beriicksichtigung des Teillastbereiches. Wolf- 
gang Scheer. BWK, Nov. 5, 1959, pp. 503-511. 
15 refs. In German. Investigation of the per- 
formance of axial pumps, covering the effect of 
pump design on stall phenomena and the in- 
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fluence on part-load behavior of such parameters 
as the number of blades, blade twist, and shape 
of the hub. The study is also extended to ar- 
rangements with radial guide vanes ahead of the 
impeller. 


Jet Flaps & Wings 


Wind-Tunnel Tests of an Airplane 
Model with an Unswept, Aspect-Ratio-10 Wing 
Four Propellers, and Blowing Flaps. J. A’ 
Weiberg and V. R. Page. U.S., NASA TN DP. 
25, Sept., 1959. 39 pp. Comparison of the re. 
sults of tests on a model with two propellers with 
those obtained for four propellers, showing that 
the lift increment due to thrust is proportional 
to the slipstream velocity and, for a given thrust 
coefficient, proportional to the wing area in the 
slipstream. The drag for a given thrust coeffi- 
cient and the blowing momentum coefficient for 
flow attachment on the flap are relatively unaf- 
fected by the number of propellers. 


Performance 


Flight Investigation of the Lift and Drag Char- 
acteristics of a Swept-Wing, Multijet, Transport- 


Type Airplane. Ronald Tambor. U.S., NASA 
TN D-30, Nov., 1959. 27 pp. Presentation of 


experimental results obtained over the Mach 
number range from 0.70 to 0.86 for the clean 
configuration at an altitude of 26,000 ft. Data 
are also obtained over the speed range of 130 knots 
to 160 knots at 9,000 ft. for various flap deflec. 
tions with gear down. 


Consideration of Some Aerodynamic Char- 
acteristics During Take-Off and Landing of Jet 
Airplanes. J. M. Riebe. U.S., NASA TN 
D-19, Sept., 1959. 11 pp. Study limited to 
lift-drag relations excluding such possible re- 
lated factors as noise, heating, foreign matter 
ingestion, or ability to obtain thrust reversal, 
Results of wind-tunnel tests aie presented along 
with implications from the lift-drag effects in 
relation to differences in operating techniques of 
jet and propeller-driven transport aircraft. 


Low Speed Tunnel Measurements of the 
Ground Effect on a 1/5th Scale Model of the 
Swift. M. N. Wood and W. J. G. Trebble. 
Gt. Brit., ARC CP 458 (May, 1957) 1959. 54 pp. 
BIS, New York, $1.35. Presentation of lift, 
drag, and pitching moment measurements for a 
model in a free stream, as well as at two distances 
from a ground board. It is shown that existing 
theories on ground effect for unswept wings give 
good estimates of the decrease in induced drag, 
but underestimate the gain in lift curve slope and 
overestimate the effect of the ground on the 
downwash at the tailplane. 


Stability & Control 


An Exploratory Investigation in a Ballistic 
Range of the Stability Derivatives of a Simple 
Airplane Configuration at Low Supersonic Speeds. 
Ch. E. DeRose and A. G. Boissevain. -* 
NASA TN D-139, Dec., 1959. 25 pp. Descrip- 
tion of tests on models having two planes of mir- 
ror symmetry in a seven station ballistic range at 
Mach numbers of 1.2 to 1.4 and Reynolds num- 
ich yg 0.8 X 108 to 1.0 X 106, based on wing 
chord. 


Analytical Investigation of Effect of Spin Entry 
Technique on Spin and Recovery Characteristics 
for 60° Delta-Wing Airplane. S. H. Scher, E. |. 
Anglin, and G. F. Lawrence. U.S., NASA TN 
D-156, Dec., 1959. 52 pp. Description of a 
high-speed digital computer study made to 
investigate the effects of differences in full-scale 
aircraft and spin tunnel model testing tech- 
niques on spins and recoveries. Results indicate 
that proper evaluation of full-scale spin-recovery 
characteristics of modern designs from spit- 
tunnel tests requires cognizance of both tunnel 
technique and Reynolds number. 


An Analysis of Incremental Horizontal-Tail 
Loads Measured on a Swept-Wing Bomber Air- 
plane in Sideslip Maneuvers. W. A. McGowan. 
U.S., NASA TN D-100, Oct., 1959. 34 pp 
Presentation of the results of an analysis coveritg 
in-flight measurement during rudder-step, aileron- 
roll, and steady-sideslip maneuvers. Data were 
reduced to give derivatives of the horizontal-tail 
normal force and rolling moment coefficients with 
respect to sideslip angle and the rate of change of 


wing-fuselage combination pitching-moment coef- i 


ficient with sideslip angle. 


Moving-Cockpit Simulator Investigation of the 
Minimum Tolerable Longitudinal Maneuvering 
Stability. B.P. Brown and H. I. Johnson. U.S. 
NASA TN D-26, Sept., 1959. 46 pp. Descrip- 
tion of tests on a normal acceleration and pitch 
simulator, including measurements of the ef- 
fects of force gradient, position gradient, aircraft 
damping, and pitching motion cues with respect 
to a formation flying task. 


Jet Effects on Longitudinal Trim of an Airplané 


Configuration Measured at Mach Numbers Be © 


tween 1.2 and 1.8. R. F. Peck. U.S., NASA 


TN D-177, Dec., 1959. 


ered large jet-induced effects on longitudinal trim 


between Mach numbers of 1.2 and 1.8. _Thes® 7 


effects are believed to have resulted from the fact 


that the horizontal tail either intersected or ¥# j 


17 pp. Presentation of | 
test results indicating that the model encoult | 
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very close behind a shock wave in the external 
flow originating near the intesection of the ex- 
ternal flow and the jet boundary. 


Wings & Airfoils 


Alcuni Problemi dell’Aerodinamica di Profili in 
Correnti Non iformi. I—Problema Piano. 
Enrico Pistolesi and Marino Marini. L’ Aerotec- 
nica, Aug., 1959, pp. 101-119. In Italian. 
EOARDC-sponsored investigation of the be- 
havior of an airfoil in nonuniform flow. The ef- 
fects of flow nonuniformity are calculated for (a) 
the lift of an airfoil of zero thickness at small 
incidence and (b) the velocities on a thick airfoil 
at zero incidence. 


Calculation of the Load Distribution Over a 
Wing with Arbitrary Camber and Twist at Sonic 
Speed. K. W. Mangler and D. G. Randall. 
Gt. Brit., ARC R&M 3102 (Jan., 1955) 1959. 
46 pp. BIS, New York, $2.88. Development 
of a method for the calculation of the pressure 
distribution over a wing with arbitrary camber 
and twist at sonic speed. The results are also 
valid for wings of small aspect ratio at any Mach 
number. 

A Theory of the Separated Flow from the 
Curved Leading Edge of a Slender Wing. J. H. 
S. Smith. Gt. Brit., ARC R&M 3116 (Nov., 
1957) 1959. 18 pp. BIS, New York, $1.17. 
Extension of the simple model used by Brown and 
Michael to represent the flow past a slender delta 
wing with leading edge separation to the cases of 
wings having pointed apexes, curved leading 
edges, and straight, unswept trailing edges. 


La Portanza e la Resistenza dell’Ala Infinita in 
Relazione ai Teoremi della Quantité di Moto e 
dell’Energia. Dante Cunsolo. L’ Aerotecnica, 
Aug., 1959, pp. 126-132. In Italian. Study 
covering the lift and drag of an infinite wing 
considered in terms of the momentum and energy 
theorems. The kinetic energy is calculated for 
the case of elliptical lift distribution, showing 
good agreement with results obtained for the 
induced drag. 


The Transonic and Supersonic Area Rule. 
R. T. Whitcomb. (Rhode-Saint-Genése, Belgium, 
Lectures, Feb., 1958.) TCEA TM 1, Jan., 1958. 
49 pp. 17 refs. Discussion of the physical 
bases, development, application, and limitations 
of the basic rule and its extensions. 

Drag Minimization for Wings and Bodies in 
Supersonic Flow. M. A. Heaslet and F. B. 
Fuller. U.S., NACA Rep. 1385, 1958. 18 pp. 
16 refs. Supt. of Doc., Wash., $0.25. Study of 
the minimization of inviscid fluid drag for aero- 
dynamic shapes satisfying the conditions of lin- 
earized theory, and subject to imposed con- 
— on lift, pitching moment, base area, or 
volume. 


Flight Measurements of the Drag of an Air- 
craft Fitted with a Rear Fuselage Fairing De- 
signed to Reduce the Transonic Drag. D. R. 
Andrews, F. W. Dee, and D. Waters. Gt. Brit., 
ARC CP 459 (Nov., 1956) 1959. 19 pp. BIS, 
New York, $0.54. Presentation of test results 
for a fairing fitted to a Hawker Hunter aircraft, 
designed to control the shock wave movements 
in the wing body junction and so reduce the 
transonic rise. 


Aeroelasticity 


Research on Aeroelasticity. Luigi Broglio. 
Roma U. Sch. Aero. Eng. Inst. Aero. Construc. 
Rep. SIAR 51 (AFOSR TN 59-134), May, 1959. 
16 pp. Summary of results for the following 
investigations: modeling technique and theory 
for aeroelastic similarity in blowdown wind tun- 
nel tests, and development of exact solutions for 
the problem of heat conduction in heterogeneous 
solids with boundary conditions as a function of 
space and time. 


The Influence of Panel Deformations on Wing 
Flutter. D. J. Johns. J. Aero/Space Sci., Feb., 
1960, pp. 137, 138. 


_ A Simplified Expression for the Period of Non- 
linear Oscillations of Curved and Flat Panels. 
J. E. Greenspon. J. Aero/Space Sci., Feb., 
1960, pp. 138, 139. 


Atmospheric Turbulence Encountered by Vis- 
count Aircraft Over Europe. J. R. Heath-Smith. 
2 Brit., RAE TN Struc. 267, July, 1959. 25 


Application of Power Spectral Methods in Air- 
Plane and Missile Design. K. R. Thorson and 
Q. R. Bohne. (IAS 27th Annual Meeting, New 
York, Jan. 26-29, 1959, Rep. 59-42.) J. Aero/ 
Space Sci., Feb., 1960, pp. 107-116. 16 refs. 


wit? retation and Applicability of Results of 
I ind-Tunnel Flutter and Control Surface Buzz 
nvestigations. A.G. Rainey. (NATO AGARD 
14th Wind-Tunnel & Model-Testing Panel Meet- 
tng, Copenhagen, Oct. 20, 21, 1958.) NATO 
AGARD Rep. 219, Oct., 1958. 18 pp. 20 refs. 


yrindom Vibration. S. H. Crandall. Appl. 
ech. Rev., Nov., 1959, pp. 739-742. 114 refs. 
Survey of the literature on random vibrations 
including general theory, sources of random ex- 
aeton:, responses of vibratory systems to ran- 
om excitation, failure due to random vibration, 
and design and test problems. 


Stability of Forced Oscillations with Nonlinear 
Second-Order Terms. Chi-NengShen. (ASME 
Annual Meeting, Atlantic City, Nov. 29-Dec. 4, 
1959, Paper 59—A-19.) SME Trans., Ser. 
E - AM, Dec., 1959, pp. 499-502. Derivation of 
a solution for forced oscillations, using both the 
perturbation and continued fraction methods to 
analyze the boundary of stability. The ampli- 
tude of oscillation with damping terms is also 
determined by the iteration procedure. 


Forced Vibrations of a Circular Plate. Her- 
bert Reismann. (ASME Annual Meeting, At- 
lantic City, Nov. 29-Dec. 4, 1959, Paper 59—A-9.) 
ASME Trans., Ser. E- AM, Dec., 1959, pp. 526, 
527. Presentation of a solution for the response 
of a clamped circular plate to the action of an 
arbitrarily placed, harmonically oscillating, trans- 
verse, concentrated force. The method may be 
extended to a variety of loading and boundary 
conditions and applied to the case of ring-shaped 
plates. 

Extensional Vibrations of Elastic Plates. R.D. 
Mindlin and M. A. Medick. (ASME Summer 
Conf., Troy, June 18-20, 1959, Paper 59—APM- 
4.) ASME Trans., Ser. E - AM, Dec., 1959, 
pp. 561-569. 13 refs. Army-Navy-supported 
derivation of a system of approximate two-di- 
mensional equations for the extensional motion 
of isotropic, elastic plates. The coupling be- 
tween extensional, symmetric thickness-shear 
modes is taken into account, and the two face- 
shear modes are included. 

The Frequency of Flexural Vibration of Rec- 
tangular Orthotropic Plates with Clamped or 
Supported Edges. R. F.S. Hearmon. (ASME 
Summer Conf., Troy, June 18-20, 1959, Paper 
59—APM-8.) ASME Trans., Ser. E - AM 
Dec., 1959, pp. 537-540. 12 refs. Application 
of the Rayleigh method, using characteristic 
beam functions appropriate to the boundary 
conditions, to derive closed formulas for the fre- 
quencies of vibration of orthotropic plates under 
any combination of clamped or supported edges. 

_The Fundamental Frequency of a Thin, Flat, 
Circular Plate Simply Supported Along a Circle 
of Arbitrary Radius. R. Y. Bodine. (ASME 
West Coast Conf., Stanford, Sept. 9-11, 1959, Paper 
59—APMW-10.) ASME Trans., Ser. E- AM 
Dec., 1959, pp. 666-668. 


Coupled Torsional and Longitudinal Vibra- 
tions of a Thin Bar. R.C. Di Prima. (ASME 
Annual Meeting, Atlantic City, Nov. 29-Dec. 4, 
1959, Paper 59—A-18.) ASME Trans., Ser. E - 
AM, Dec., 1959, pp. 510-512. USAF-Navy- 
supported study of the effect of pretwist on the 
natural frequencies of coupled torsional-longi- 
tudinal oscillations of thin bars. It is found 
that the natural frequencies of oscillations which 
consist primarily of torsional motion may be 
considerably increased, depending upon the thin- 
ness of the bar and the amount of pretwist. 

Drgania Pretéw na Ruchomych Podporach. 
Wiadystaw Bogusz. Rozprawy Inéynierskie, No. 
2, 1959, pp. 167-180. In Polish, with summaries 
in English and Russian. Analysis considering the 
transverse vibration of a bar rotating on three 
supports moving with constant velocity along the 
axis. The solution of the equation of vibration is 
obtained by finding the eigenvalues and the eigen- 
functions. 


Steady State Undamped Vibrations of a Class 


of Nonlinear Discrete Systems. P. R. Sethna, 
B. E. Fristedt, and V. G. Harvester. USAF 
WADC TR 59-141, Aug., 1959. 31 pp. 10 refs. 


Application of a perturbation scheme to the 
solution of steady state vibrations for a class of 
nonlinear discrete systems with an arbitrary num- 
ber of degrees of freedom. 


Aeronautics, General 


The Role of Aeronautical Research in Airplane 
Design. A. T. Mattson. (Rhode-Saint-Genése, 
Belgium, Lectures, Feb., 1958.) TCEA TM 2 
Feb., 1958. 67 pp. 19 refs. Discussion of the 
research philosophy used in the United States in 
effecting and directing the development of air- 
craft designs. Research development in perform- 
ance, propulsion systems, stability and control, 
flutter, and buffeting is covered. 

Recent Trends in Aeronautics and Space Re- 
search in the United States. H. L. Dryden. 
(CAI Spec. Anniv. Meeting, Montreal, Feb. 23, 
1959.) Can. Aero. J., Nov., 1959, pp. 350-357. 

Industrie Aéronautique Francaise. Fusées, 
Aug., 1959, pp. 90-97. In French. Presentation 
of design and performance characteristics of the 
S.E. 210 Caravelle and Bréguet 941 aircraft, the 
$.0.1221 Djinn helicopter, the C.450 Coleopter, 
and the SS 11 and SS 10 missiles. 

A Canadian View of Recent Developments in 
Aerodynamic Research. R. J. Templin. (CAI 
Spec. Anniv. Meeting, Montreal, Feb. 23, 1959.) 
Can. Aero. J., Nov., 1959, pp. 363-368. Discus- 
sion of research problems in VTOL aircraft ca- 
pable of hovering flight, and boost-glide aircraft 
which may cruise at speeds approaching satellite 
velocity, with emphasis on possible future Cana- 
dian needs. 


‘Air Transportation 


Handling the Commercial Jet Airplane on the 
Ground. J. F. Horan. SAE Nail. Aero. Meet- 
ing, New York, Mar. 31-Apr. 3, 1959, Preprint 
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NON-SLIP CHYCK 
holds lead firmly 
at any length you 
want. Lead can’t be 
pushed back into 
barrel—and won't 
twist in sharpener. 


NEW? 


SATIN-FINISH 
METAL GRIP is 
knurled for easier 
holding. Its extra 
length gives more 
accurate control, 
less finger tension. 


NEW: 


THE ANODIZED 
ALUMINUM BAR- 
REL is unbreak- 
able. And it can't 
roll off the board be- 
cause it's hexagon- 
shaped. 


NEWS 


PUSH-BUTTON in- 
stantly releases the 
chuck’s grip on the 
lead at the touch of 
the thumb. It's col- 
ored for quick iden- 
tification of grade. 


This lifetime lead holder for just 


All-metal construction 
makes it the buy of a lifetime. 
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48R. 13 pp. Discussion concluding that facili- 
ties for ground handling and servicing must be 
greatly improved to achieve optimum use of jet 
transports. 

Bridging that Gap: What Prospects for the 
Vehicle Air Ferry? D. A. Whybrow. Flight, 
Dec. 11, 1959, pp. 709-711. 

The Potential of Air Freight; A World Survey 
Undertaken by Shorts. Shorts Quart. Rev., 
Aug., 1959, pp. 9-12. 

A Design Study of an Aircraft wate ated 
System for High-Floor Aircraft. USAF WAD 
TR 59-264 [AD 216085], June 5, 1959. 72 pp. 
Development of single pallet size to provide the 
best utilization of the compartment space of 
C-54, C-97, C-118, C-121, and KC-135 aircraft. 
Ball conveyors at aircraft door entrance provide 
omnidirectional movement of the pallets for 
proper alignment between the guide rails in the 
aircraft. 

Handling Air Cargo. Shorts Quart. Rev., Aug., 
1959, pp. 18, 14. Description of a system using a 
standard pallet and conveyor leading from the 
terminal receiving bay to the aircraft freight deck. 

How American Airlines Solved the Problem of 
Scheduling Payloads and Flight Times for Jets. 
F. W. Kolk. SAE J., Dec., 1959, pp. 42, 43. 
Abridged. Application of Monte Carlo methods 
to flight planning, taking into account such factors 
as frequency distribution of wind, temperature, 
occupancy of altitude, routings, and fuel reserves. 
Provisions are made for simulating such inter- 
ferences as blocked altitudes due to traffic control, 
circuitous routings, variable payloads, and 
changing conditions at point of take-off. 

Relationship Between the Frequency of Tech- 
nical Delays and Fleet Average Flight Duration. 
Roelof Brinks. Esso Air World, July-Aug., 
1959, pp. 8,9. Application of statistical methods 
to show the influence of the type of operation 
required by the time-table on the number of tech- 
nical delays. 


Airplanes 


Arresting Gear 


United States Air Force Development of Air- 
craft Arresting Gear. V. V. Vary. (NATO 
AGARD 13th Flight Test Panel Meeting, Copen- 
hagen, Oct. 21-25, 1958.) NATO AGARD Rep. 
227, Oct., 1958. 28 pp. 

Some Tests on Befab ‘Safeland’ Safety Bar- 
riers. Giancarlo Salis. (NATO AGARD 13th 
Flight Test Panel Meeting, Copenhagen, Oct. 20- 
25,1958.) NATO AGARD Rep. 228, Oct., 1958. 
28 pp. Evaluation of an arresting gear for sev- 
eral aircraft types. The results show that brak- 
ing action is smooth enough not to affect the 
pilot, and damage to the aircraft is easily repair- 
able at the squadron second liae maintenance 
service. 


Control Systems, Automatic Pilots 


Single-Degree-of-Freedom Simulator Investi- 
mae of Effects of Summing Display-Instrument 

ignals on Man-Machine Control. J. W. McKee. 
U.S., NASA TN D-148, Dec., 1959. 30 pp. 
Study using an analog computer of a man’s 
ability to control ‘‘on instruments’ an inertia 
with a proportional acceleration control. 

Flight Investigations of Automatic Stabiliza- 
tion of an Airplane Having Static Longitudinal 
Instability. W. R. Russell, S. A. Sjoberg, and 
W. L. Alford. U.S., NASA TN D-173, Dec., 
1959. 32 pp. Description of an experimental 
program conducted to determine the capa- 
bilities of three types of automatic control 
systems. These are: a normal-acceleration- 
command control system, a pitch-rate-command 
control system, and a pitch-damper system. 


Note on the Number of Powered Flying Control 
Movements Measured in Flight. Gt. Brit., 
AAEE Rep. Tech/169, Oct. 1, 1959. 9 pp. 
Measurement of the frequency with which con- 
trol movements of different ranges are made dur- 
ing flight of two aircraft. 

An Electrodynamic Method of Exciting Servo- 
Tabs for Flight Flutter Testing. W.H. Johnson. 
Gt. Brit., RAE TN Struc. 269, July, 1959. 14 
PP. 


Power Supply Requirements for Powered Con- 
trols After Engine Failure. J. G. Walker. Gt. 
Brit., RAE TN Aero. 2609, July, 1959. 10 pp. 
Proposal of a standard duty cycle, prepared after 
examination of available flight test records, for 
use in the calculation of the emergency power 
supply requirements for powered controls after 
failure of the aircraft engines. 

The Hydrogen-Peroxide Rocket Reaction- 
Control System for the X-1B Research Airplane. 
J. E. Love and W. H. Stillwell. U.S., NASA 
TN D-185, Dec., 1959. 28 pp. 


Description 


Bristol 188. Flight, Dec. 11, 1959, pp. 707, 708. 
Survey of design characteristics of supersonic 
research aircraft. 

F-105 Spearheads TAC Fighter Forces. 
Stanfield. 


Av. Week, Dec. 28, 1959, pp. 37, 39, 
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41, 43, 45. Presentation of the design, perform- 
ance, and systems characteristics of the Republic 
fighter-bomber. 


Airco D.H. 121. de Havilland Gazette, Oct.» 
1959, pp. 152-157. Presentation of the design» 
performance, and systems characteristics of a 
short-haul airliner. 


Northrop N-156F Fighter. I. S. H. Evans. 
The Aeroplane & Astronautics, Dec. 4, 1959, pp. 
573-578, cutaway drawing. Presentation of 
design characteristics and developmental his- 
tory of a lightweight fighter. 

Design Processes for High Speed Flight. 
B. O. Heath. (NATO AGARD 8th Structures & 
Materials Panel Meeting, Copenhagen, Oct. 20-25, 
1958.) NATO AGARD Rep. 215, Oct., 1958. 
30 pp. Survey of earlier supersonic design 
problems and discussion of the current experi- 
ence of temperature as a design parameter. New 
materials and methods of presenting their proper- 
ties at high temperature are also included. 


Safety and Safety Factors for Airframes. 
A. M. Freudenthal. (VATO AGARD 6th Struc- 
tures & Materials Panel Meeting, Paris, Nov. 4-8, 
1957.) NATO AGARD Rep. 153, Nov., 1957. 
26 pp. 13 refs. Analysis covering the concept 
of structural safety of airframes on the basis of 
its relation to the probability of structural failure 
in order to establish procedures for the quantita- 
tive evaluation of safety factors for a predeter- 
mined acceptable risk of failure. 


120,000 Man-Hours Pay Off in Boeing 707 
Redesign Program. R. M. Morgan. SAE J., 
Dec., 1959, pp. 60-62. Abridged. Discussion 
of design problems resulting from postdelivery 
experience. 


Landing, Landing Loads 


An Evaluation of the Factors Which Influence 
the Selection of Landing Approach Speeds. F. J. 
Drinkwater, III, G. E. Cooper, and M. D. White. 
(NATO AGARD 13th Flight Test Panel Meeting, 
Copenhagen, Oct. 20-25, 1958.) NATO AGARD 
Rep. 230, Oct., 1958. 13 pp. 


Ground Deceleration and Stopping of Large 
Aircraft. Appendix—Analysis of Some Factors 


Affecting Deceleration and Stopping Distance. 


J. A. Zaloveik. (NATO AGARD 13th Flight 
Test Panel Meeting, Copenhagen, Oct. 20-25, 
1958.) NATO AGARD Rep. 231, Oct., 1958. 


49 pp. Discussion of various sources of decelera- 
tion, such as wheel braking, aircraft drag, aero- 
dynamic brakes, parachutes, and reversed thrust. 
The effect of tire friction, wheel loading, and brake 
capacity on wheel braking, as well as the effect on 
stopping distance of aircraft handling techniques 
involving the use of elevators, flaps, spoilers, and 
nose-high attitude angles are covered in detail. 


*tAutoland’’—A Blind Landing System for Air- 
craft. Electronic Eng., Sept., 1959, pp. 534, 535. 
Description of a device developed at RAE which 
combines the ILS with a magnetic leader cable 
fot azimuth guidance and a radio altimeter for 
height guidance. 


Airplane and Engine Responses to Abrupt 
Throttle Steps as Determined from Flight Tests 
of Eight Jet-Propelled Airplanes. M. D. White 
and B. A. Schlaff. U.S., NASA TN D-34, Sept., 
1959. 39 pp. Determination of aircraft and 
engine dynamic responses to abrupt throttle 
movements in conjunction with a generalized 
landing-approach investigation. The thrust re- 
sponses of the engines and the corresponding ac- 
celeration responses of the aircraft are presented. 
The relationship of these responses to pilots’ 
tatings of aircraft approach characteristics is 
indicated. 


Landing Gear 


Electra Nose Steering. Lockheed Field Serv. 
Dig., May-June, 1959, pp. 3-5. Review of nose 
wheel castering and centering features as a basis 
foc subsequent discussion of these factors as they 
relate to the nose wheel steering controls, rigging, 
and system operation. 


Operating Characteristics, Economics 


American’s Experience with the 707. M. G. 
Beard. SAE Nail. Aero. Meeting, New York, 
Mar. 31-Apr. 3, 1959, Preprint 62T. 9 pp. 


McDonnell Model 119A Air Force Flight Eval- 
uation. Appendix I—Data Analysis ethods. 
Appendix II—General Aircraft Information. 
Appendix II1I—Test Data Corrected for Instru- 
ment Error. Ch. O. Johnson and F. E. Cole. 
USAF FTC TR 59-25, Sept., 1959. 152 pp. De- 
scription of flight tests indicating that the air- 
craft performance equals, or is better than, the 
contractor’s estimated data for take-off and climb 
performance. However, it does not meet the 
general design specifications for range, cruise 
speed, and landing distance. 


The Performance Testing of Military Aircraft- 
Carrier Aircraft. KR. P. Dickinson. (NATO 
AGARD 13th Flight Test Panel Meeting, Copen- 
hagen, Oct. 21-25, 1958.) NATO AGARD Rep. 
232, Oct., 1958. 10 pp. Bried description of the 
operation of carrier-borne aircraft, with a com- 
parison to other military aircraft in terms of per- 
formance assessment. Factors affecting the 
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determination of recommended approach speed 
and of wind-speed limitations for catapult take-off 
are discussed, and an indication is given of the 
extensive instrumentation needed during trials, 
KC-135A Performance Test with Leading Edge 
Flaps.' M. H. Yancey, Jr., and Ch. L. Gandy 
Jr. USAF FTC TR 58-26, Add. 2, Oct. 5, 1959’ 
60 pp. i 
The Lockheed Electra—What It Is, and What It 
Does. Charles Froesch. SAE Natl. Aero 
Meeting, New York, Mar. 31-Apr. 3, 1959, Pre. 
print 625. 11 pp. Discussion of some early 
operational experiences with the Electra. 


_ Landing and Take-Off Performance; A Defini- 

tion of the Problem—Especially Required by SR- 
422A. M. B. Spaulding, Jr. AE Natl. Aero, 
Meeting, New York, Mar. 31-Apr. 3, 1959, Pre. 
print 60R. 13 pp. 


Jet Transport Problems During Takeoff and 
Landing. W. E. Rhoades and R. E. Coyken- 
dall. SAE Natl. Aero. Meeting, New York, Mar 
31-Apr. 3, 1959, Preprint 60S. 8 pp. . 

Ways of Improving Takeoff and Landin 
F. W. Kolk. SAE Nail. Aero. Meeting, NS 
York, Mar. 31-Apr. 3, 1959, Preprint 60T. 
12. pp. Recommendations including instal- 
lation of leading edge, high lift devices which can 
be retrofitted to present day aircraft; the retrofit 
or new purchase of aircraft poweied by turbofan 
engines that have an inherently higher take-off 
thrust to cruise thrust ratio; and the use of 
boundary layer controls actuated by turbine dis- 
charge gas. 

Probleme de Dotare cu Material Volant a 
Aviatiei Civile de Transport. B. Kain. Rev, 
Transp., Oct., 1959, pp. 439-445. In Rumanian 
Discussion of technical and economic problems 
associated with the use of new materials and 
equipment in civil air transports. 

The Introduction of Jet Transport. C. H. 
Jackson. SAE Natl. Aero. Meeting, New York, 
Mar. 31-Apr. 3, 1959, Preprint 62R. 6 pp. Dis- 
cussion of the problems encountered in the opera- 
tion of the Comet IV. 


Vorbereitungen fiir den Einsatz eines Strahl- 
verkehrsflugzeuges. W. Rott. Luftfahritechnik, 
Oct. 15, 1959, pp. 340-346. In German. Sur- 
vey of simulated-flight results obtained on a 
turbojet airliner, covering flight path, cruising 
altitude, duration of flight, and fuel consump- 
tion. 


How Much Runway Does a Turbine Transport 
Need? Robert Horonjeff and Richard Coyken- 
dall. Bus./Coml. Av., Oct., 1959, pp. 26-29 
Discussion of the principles of the new take-off 
regulations setting runway lengths for safe air- 
craft operation. 


Airports 


Airports and Their Equipment. 
. 1959, pp. 672-700. Partial 
Contents: Airport Equipment—And Why, J. W 
R. Taylor. Boeing 707s on Airports Round the 
World, John Stroud. Trends in Airport Planning, 
G. W. Stallibrass. International Airports—Facts 
and Figures. A Girdle Round the Earth, G. L. 


Special Issue: 
Flight, Dec. 4, 


Marchault. Airport Installations and Equip- 
ment. 

The Landing Capacity of a Runway. Alfred 
Blumstein. Oper. Res., Nov.-Dec., 1959, pp 


752-763. Development of an expression for the 
landing capacity (or service rate) of a single 
runway in which aircraft are restricted by a 
minimum space separation at the beginning of a 
common glide path and by a minimum time 
separation at the runway. The conditions at 
any terminal may be inserted to determine its 
characteristic landing capacity. 


Aviation & Space Medicine 


An Account of Experiments in Which Two 
Monkeys Were Recovered Unharmed After 
Ballistic Space Flight. Ashton Graybiel, R. H. 
Holmes, D. E. Beischer, G. E. Champlin, G. P. 
Pedigo, W. C. Hixson, T. R. A. Davis, N. L 
Barr, W. G. Kistler, J. I. Niven, Edward Wil- 
barger, D. E. Stullken, W. S. Augerson, Robert 
Clark, and J. H. Berrian. Aerospace Med., Dec., 
1959, pp. 871-931. 13 refs. Description of two 
experiments in which three monkeys were carried 
in a Jupiter missile 300 miles into space. Details 
are given on the construction of the biocapsules 
the provisions for a closed life support environ- 
ment, the equipment and arrangements for 
monitoring the response of the monkeys, and the 
experimental findings. 


Sustained Operant Behavior in Mice; A Model 
for Behavioral Research in Biosatellites. F. 
Rohles, Jr., and M. E. Grunzke. USAF WADC 
TN 59-299, Aug., 1959. 12 pp. Study that meas 
ures the simple yet stable response patterns in 4 
mouse under conditions of space flight. 


Uber den Einfluss von langfristiger kontinuier- 
licher Hypoxie auf die Serum-Glutaminsdure- 


Oxalessigsiure-Transaminase. K. Weiner. & 
DVL Bericht No. 101, Sept., 1959. 27 pp. ® & 
refs. Westdeutscher Verlag, Kéln & Opladet. 


In German. Discussion, -based on animal tests, 
to determine the effect of lasting continuous hy- 
poxy upon the glutamine acid-oxalatic acetic acid- 
transaminase in the serum. 
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The Analytical Mechanics of Rate of Onset. 
Sigurd Hoyer. USAF MDC TN 59-26, Oct., 
1959. 61 pp. Study of the accelerated motion of 
various mechanical systems for use in deter- 
mining the factors which cause damage to living 
organisms during periods of severe acceleration. 


Human Experimentation in the Space Cabin 
Simulator; Development of Life Support Systems 
and Results of Initial Seven-Day Flights. G. R. 
Steinkamp, W. R. Hawkins, G. T. Hauty, R. R. 
Burwell, and J. E. Ward. USAF SAM Rep. 
59-101, Aug., 1959. 88 pp. Description of the 
simulator and discussion of the protocol for the 
design of the experiments. Results of a study 
of five subjects are shown and discussed from the 
standpoint of the physical, physiologic, psycho- 
physiologic, and nutritional implications. 

ore. of Personal Equipment. USAF 

59-382, Oct., 1959. 34 pp. Study 
of methods for integrating items of personal 
equipment. The major problem is the combining 
of the various individual items which have specific 
functions with each other without complicating 
these combinations beyond their effective limits. 

Altered Environments for Biological Speci- 
mens. I—Restraint Conditioning Bio- 
es Specimens. W. E. Ward. MDC 

59-36, Oct., 1959. 15 pp. eck of the 
psychobiology of restrained immature chimpan- 
— under conditions of isolation and aircraft 

ight. 

Transfer Function of a Biological Photorecep- 
tor; One of a Series of Reports Pertaining to 
Cybernetic Studies of Photoreceptor. 
Lawrence Stark. U DC TR 59-311, 
Aug., 1959. 27 pp. 20 refs. 

The Effect of Team Size and Intermember 
Communication on Decision-Making Perform- 
ance. R.G Kinkade and J. S. Kidd. USAF 
WADC TR 58-474, Apr., 1959. 14pp. 10 refs. 

Estimate of the Specific Ionization Caused by 
Heavy Cosmic Ray Primaries in Tissue or Water. 
T. Foelsche. (USAF MDC TN 59-7, Apr., 
1959.) J. Astron. Sci., Winter, 1959, pp. 57-62. 

Selection of a Sealed Cabin pomengtese. 

G. Simons and E. R. Archibald. (J. Av. 
Med., May, 1958, pp. 350-357.) USAF MDC 
TR 59-36, Sept., 1959. 15 pp. 16 refs. 


Human Engineering 


Human Engineering Tests of Selected Aircraft 
Anti-Collision Light Systems; Ground and Flight 
Tests of Direction-Indicating Char- 
acteristics. J. Robinson, Jr. Appl. Psych. 
Corp. Rep., July, Kose. 194pp. 22refs. Navy- 
sponsored research. 

A Comparison of One-, Two-, and Three-Man 
Control Units Under Various Conditions of 
Traffic Input Rate. J.S. Kidd. USAF WADC 
TR 59-104, June, 1959. 16 pp. 20 refs. Com- 
parison of various sized pattern-feeder approach 
control teams under three conditions of input 
load in a simulated air traffic control situation. 


Chemistry 
Molecular BiGasion Studies in Gases at High 


Temperatures. Walker and A. A. Westen- 
berg. (Quart. Activ., Jan.-Dec., 
1958.) Johns Hopkins U. APL BB Rep. 283, 
1959, pp. 35-39. Determination of gaseous coef- 
ficients for binary systems of helium-nitrogen and 
carbon dioxide-nitrogen over a_ temperature 
range of 300° to 1,150°K. The measurements are 
analyzed in terms of intermolecular forces, and 
some implications are made regarding very high 
temperature transport properties. 


Perarylated Silanes—Identification by X-Ray 
Diffraction Power Patterns. F. L. Chan and 
Leonard Spialter. USAF WADC TR 59-512, 
Sept., 1959. 35 pp. 13 refs. 


Binary Nitrogen Gongnvege of the Elements: 
A Literature Survey. : Ehl, R. J. Sime, 
and J. L. Margrave. USAF WADC TN 59-115, 
June, 1959. 79pp. 832 refs. 


Computers 


Special Issue: Microwave Techniques for 
Computing Systems. JRE Trans., EC Ser., 
Sept., 1959, pp. 262-307. 58 refs. Partial Con- 
tents: A Logic Design for a Microwave Com- 
puter, S. P. Frankel. Parametric Phase-Locked 
Oscillator—Characteristics and to 
Digital Systems, L. S. Onyshkevych, W. F. Koso- 
nocky, and A. W. Lo. Semiconductor Parametric 
Diodes in Microwave Computers, J. Hilibrand, 
C. W. Mueller, C. F. Stocker, and R. D. Gold 
Fast Microwave Logic Circuits, D. J. Blattner 
and F. Sterzer. Microwave Logic Circuits Us- 
ing Diodes, W. Sauter and P. J. Isaacs. 


Application of Logic to the Design of Computing 
Machines. A. W. Burks, H. Wang, and J. 
. U. Mich. Coll. Lit. Sci. & Arts, Dept. 
Philos. Final Rep. (AFOSR TR 59-106), Aug., 
1959. 9 pp. 


The ‘‘Persistor’’-—A Superconducting Memory 
Element. E. C. Crittenden, Jr., J. N. Cooper, 
and F. W. Schmidlin. Space Tech. Lab. PRL 
Rep., 1959. 44 pp. 


Core Memory Systems. A. Ashley, S. Brad- 
spies, E. Cohler, M. Stern, and H. Ullman. Syl- 
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vania Tech., Oct., 1959, pp. 140-148. Description 
of the general problems in coincident-current core 
memories and presentation of new techniques for 
alleviating some of the difficulties involved. The 
advantages of linear selection in conjunction with 
core memories are outlined, and partial switching 
techniques are also considered 


is Applied to Computer Circuit Design. 
U. ohler. Tech. 

pp. 134-139. Description of a ‘statistical ap- 

proach to circuit design to achieve a goal of 

maximum reliability at minimum cost. 


Reliability of Tridac—A Large Analo 
Computer. R. Mitchell. Git. Brit., RAE 
W. 527, Sept., 1959. 29 pp. "Study con- 
sidering rates of component failure, maintenance, 
and methods of recording faults, as well as some 
suggestions for the more efficient operation of the 
machine. 


Problem Solving on the Analog Computer. 
Tech. News Bul., Oct., 1959, pp. 188-190. Dis- 
cussion covering the type of problems capable of 
being solved by an analog computer. 


Operational Analog Simulation of the Vibration 
of a Beam and a Rectangular Multicellular 
Structure. A. B. Clymer. (Nail. Simulation 
Conf., Dallas, Oct. 23, 1958.) IRE Trans., 
EC Ser., Sept., 1959, pp. 381-391. 14 refs. De- 
scription of a feasibility study of the use of an 
operational analog computer for solution of 
structural problems. The accuracy of the method 
is evaluated and several applications are given. 


Investigations Into the Use of An Electrical 
Resistance Analogue for the Solution of Certain 
Oscillatory-Flow Problems. Appendix A, B— 
The Accuracy of the Electrical esistance Net- 
work. Appendix C—Some Details of the 
Procedure for Evaluating the Experimental 
Results. P. J. Palmer, A. R. Copson, and S. C. 
Redshaw. Gi. Brit., ARC R&M 3121 (Feb., 
1957) 1959. 23pp. BIS, New York, $1.53. 

Pulse-Height-to-Digital Signal Converter. W. 
W. Grannemann, C. D. Longerot, R. D. Jones, 
D. Endsley, T. Summers. T. Lommasson, A. 
Pope, and D. Smith. Electronics, Jan. 8, 
1960, pp. 58-60. Navy-supported description 
of a transistorized analog-to-digital converter 
which provides seven-digit binary output at a 
maximum sampling rate of 13,000 pps. 


A Way of poiog, Transfer Functions of 
Sampled- ‘Data Control Systems with Extrapolating 
Devices. . S. Ermakov and E. M. Esipovich. 
(Avtom,. May, 1958.) Automation 
& Remote Control, Mar., 1959, pp. 395-401. 
Translation. Presentation of a method of form- 
ing conditional transfer functions of extrapolating 
devices for digital-to-analog conversion. The 
transfer function expression depends on the 
shape of the input pulses. 


The of Magnetic Tape Records 
the R. E. onverter. 
Scott and J. Penny. 
WRE TM TRD 37, May, 1050 48 pp. 


A Digital-Analog Controller for Sampled Data 
Systems. S. . Bigelow. Columbia U. Sch. 
Eng. Dept. Elec. Eng. TR T-36/B (AFOSR TN 
59-803), July 22, 1959. 47 pp. Description of 
a controller which is a hybrid digital-analog 
computer programmed to solve the control 
equations. 


Sampled-Data Systems with Extrapolating 
Devices. Ia. Z. Tsypkin. (Avtom. 1 Tele- 
mekh., May, 1958.) Automation & Remote 
Control, Mar., 1959, pp. 383-394. 11 refs. 
Translation. Study of automatic sampled-data 
systems containing extrapolating devices. Equa- 
tions for such systems, describing the processes 
at any moment of time, are given. 

Concerning a Method for Analyzing Sampled- 
Data Systems. Fan Chun-Wui. (Avtom. i 
Telemekh., Apr., 1958.) Automation & Remote 
Control, Feb., 1959, pp. 288-298. Translation. 

A Digital Instrumentation System for Use in 
the Testing of Jet Engines. L. Airey. Soc. 
Instr. Tech. Trans., Sept., 1959, pp. 163-171. 
Description of an automatic data-handling system 
incorporating an electronic digital computer. 
Digitizing techniques are applied to manometers, 
Bourdon pressure gages, and high-speed galvan- 
ometers. A description of prototype instruments 
is clso given. 


High-Speed Plotting of Telemetering Data. 
R. L. Sapirstein. Electronics, Jan. 8, 1960, pp. 
41-43. Description of a device for converting 
digital data to a finished curve or plot, complete 
with alpha-numeric annotation. The magnetic- 
tape input unit plots 4,000 points a second and 
draws 40 curves simultaneously. 

Recommendations for a Flight-Load Data- 
Processing Center. Tech. News Bul., Oct., 
1959, pp. 194, 195. 

The Uncertainty of Processed Data from Free- 
Flight Experiments. J. Picken. Gt. Brit., 
RAE TN Aero. 2604, Feb., 1959. 42 pp. 
Presentation of estimates of the random errors of 
processed data typical of free-flight experimenta- 
tion, and comparison of the accuracies of some 
different measuring techniques. 


The Estimation of Velocity and Position from 
Sampled Acceleration Data. Appendix I— 
Derivation of an Analytical Expression for the 
Mean Squared Velocity Error. Appendix II— 
Derivation of an Analytical Expression for the 
Mean Squared Position Error. Appendix III— 
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A Note on the Use of the Sampling Theorem, 
Appendix IV—The Acceleration Error. J. 

. Gt. Brit. RAE TN G.W.511, Mar. 

66 pp. 

Notes on a Reduction Procedure for Tempera. 

ture Data from Free Flight Telemetry. J. 

Picken. Gt. Brit., RAE TN Aero. 2612 Apr, 

1959. 30 pp. Presentation of approximate 

expressions for the uncertainty of data smoothed 

and differentiated by a least-squares moving- 

polynomial-arc technique. 


LEM-1, Small Size General Purpose Digitaj 
Computer Using Magnetic (Ferrite) Elements, 
U. Machmudov. (Radiotekhnika, Mar., 
1559)" Assoc. Comp. Mach. Commun., Oct. 
1959, pp. 3-9. Translation. 


Some Aspects of the Logical and Circuit Design 
of a Digital Field Computer. I. F. Brown and 
B. Meltzer. Electronic Eng., Oct., 1959, pp. 
590-592. 


The CORDIC Trigonometric Somouting Tech- 
nique. J. E. Volder. JRE Trans., EC Ser,, 
Sept., 1959, pp. 330-334. Description of a 
special-purpose digital computer for real-time 
airborne computation involving mainly trigono- 
metric relationships. 


A General Method for Calculating the In- 
fluence Coefficients of a Symmetrically Supported 
Plate Using a Digital Computer. Appendix— 
The Inversion of Matrices of Order Greater 
than 83 but Less than 187. P. C. Birchall, 
Gt. Brit., RAE TN M.S.57, June, 1959. 18 
Ppp. 

A Comparison of Machine Organizations by 
Their Performance of the Iterative Solution of 
Linear Equations. E. J. Gauss. Assoc. Comp, 
Mach. J., Oct., 1959, pp. 476-485. ONR- 
sponsored research. 


The Solution of Elastic Stability Problems with 
the Electric Analog Computer. J. H. Shields and 
R. . MacNeal. West Coast Conf. 
Sept. 9-11, 1959, Paper 59-APMW- 

0.) SME Trans., Ser. E- AM, Dec., 1959, 
635-642. 


Control Theory 


Self-Optimizing Control Systems for a Certain 
Class of Randomly Varying Inputs. A. P. 
Roberts. Soc. Instr. Tech. Trans., Sept., 1959, 
pp. 193-202. Presentation of methods for de- 
signing systems which will automatically adjust 
the parameters to optimum values when the 
mean square levels of message and noise change 
slowly or infrequently. Methods are also sug- 
gested for constraining some quantity such as the 
—o acceleration to a desired mean square 
value 


Frequency Analysis of a Control Loop Con- 
“ne a Bistable Element. R. E. Gorozdos, 
(Quart. Rev. Bumblebee Activ., Jan.-Dec., 1958) 
Johns Hopkins U. APL BB Rep. 283, 1959, 
pp. 40-44. Application of the frequency re 
sponse method to determine the gain of the bi- 
stable element. 


Ob Analize Ustoichivosti Periodicheskikh 
Rezhimov v Nelineinykh Sistemakh Regulirova- 
niia so Mnogimi Stepeniami Svobody. A 
Taft. Avtom. i Telemekh., Sept., Yos9. pp 
1163-1170. In Russian. Analysis of the sta 
bility of periodic processes in nonlinear control 
systems with several degrees of freedom. The 
characteristic equation of the system is derived 
on the basis of the generalized Hill equation. 


On an Application of Dynamic Programming to 
the Synthesis of Logical Systems. Richard 
Bellman, John Holland, and Robert Kalaba 
Assoc. Comp. Mach. J., Oct., 1959, pp. 486 
493. Study covering the application of dynamic 
programing to the domain of problems arising 
in the synthesis of logical systems. A particulat 
problem in the design of computers and switching 
circuits is considered along with an example 
illustrating the methods. 


Statistical Investigation of Nonstationary 
Processess in Linear Systems by Means of 
Inverse Simulating Devices. A. V. Solodov. 
(Avtom. i Telemekh., Apr., 1958.) Automation 
& Remote Control, Feb., 1959, pp. 305-317, 
Translation. 


The Rangceee of Linear Systems to Non- 
Gaussian ndom Inputs. S. H. Crandall, 
W. H. Siebert, and B. P. Hoquetis. J. Aero/ 
Space Sci., Feb., 1960, pp. 154, 155. USAF 
supported research. 


A Digital Remote Position Control. K. G 
Hilton. Electronic Eng., Sept., 1959, pp. 512 
519. Investigation of problems involved in the 
construction of a digital remote position control. 
The logical arrangements of the circuits aft 
considered, and methods of stabilizing a digital 
remote position control are discussed. 


Digital Rate Synthesis for Frequency Measure 
ment and Control. T. J. Rey. JRE Prot. 
Dec., 1959, pp. 2106-2112. USAF-Army-Navy- 
supported discussion of digital rate synthesis, 
which is a transformation of harmonic synthesis 
(beat methods) from the frequency to the time 
domain; the synthesis of harmonics is repla 
by pulse techniques. 

A Method of Analyzing and Calculating Tramsi 
ent Processes in Automatic Control of Generate 
Excitation by Means of a Magnetic Amplifier 
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One of a series 


The burning question of cool flames 


Between the brief stage of not burning and burning, 

many hydrocarbons react with oxygen at temperatures well below that 
of normal flame combustion. But the reactions are 

usually transient and hard to analyze. At the General Motors 
Research Laboratories, we have been able to investigate the 

effect of chemical additives on cool preflames. 


To do this, the almost invisible cool flames are stabilized for hours 

in a flat-flame burner, permitting careful examination of the retardation 
or acceleration effects of the additives. From more than twenty 
additives studied, experimental results indicate that some chemicals 
affect combustion through the mechanism of preflame reactions. We are now 
accumulating new information on these additives’ mode of operation. 
For instance: emission spectra support the conclusion that tetraethyl 
lead reacts with the oxygenated compounds formed in cool flames to 
yield lead oxide vapor. These findings of when and how lead oxide 

is formed are important in resolving a current controversy of science — 
the combustion behavior of tetraethyl lead. 


Studies such as this may lead to more economical and effective means 
of controlling unrestrained combustion — such as “knock” in 
reciprocating engines. The work is typical of GM Research’s effort to 
provide useful information for a moving America. And in this way 


continue to keep our promise of “More and better things for more people.” 


General Motors Research Laboratories 
Warren, Michigan 


Iron carbonyl 
retards, 

ethyl! nitrate 
accelerates 
central portion 
of cool flames. 


Iron carbonyl, an antiknock Ethyl nitrate, a proknock 
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V. R. Kulikov. (Avtom. i Telemekh., June, 
1958.) Automation & Remote Control, Mar., 
1959, pp. 556-564. Translation. 


Stability of Periodic Conditions in Automatic 
Control Systems Found Approximately on the 
Basis of a Filter Hypothesis. V. A. Taft. 
(Aviom. i Telemekh., June, 1958.) Automation 
& Remote Control, Mar., 1959, pp. 550-555. 
Translation. 


On Improving the Transient Response of 
Correcting Links with Variable Parameters. 
E. K. Shigin. (Avtom. i Telemekh., Apr., 1958.) 
Automation & Remote Control, Feb., 1959, pp. 
299-304. Translation. Analysis of transient 
responses in fourth-order automatic control 
systems containing two integrating links. It is 
shown that when a differentiator with a variable 
time constant is introduced, the transient re- 
sponse can effectively be improved by the in- 
troduction of an integrating link with a variable 
time constant into the connecting circuit. 

The Influence of Fluctuations on the Operation 
of an Automatic Range-Finder. I. N. Amiantov 
and V. I. Tikhonov. (Avtom. i Telemekh., 
Apr., 1958.) Antomation & Remote Control, 


Feb., 1959, pp. 318-326. Translation. Analysis 
of errors in distance measurement arising from 
fluctuating disturbances and the problem of 
stability for a system of automatic tracking using 
alinear approximation of range. 

Optimum Multirate Controller for a Sampled 
Feedback System. G. M. Kranc. Columbia 
U. Sch. Eng. Dept. Elec. Eng. TR T-38/B 
(AFOSR TN 59-1095), Oct. 1, 1959. 24 pp. 
Presentation of design procedures for sample- 
data systems with a multirate controller used 
as a discrete compensator. The controller is 
intended to achieve a least mean square con- 
tinuous error with random inputs or a least 
integral continuous error with known test input 
functions. 


Synthesis of Third Order Contactor Control 
Systems. Irmgard Fliigge-Lotz. Stanford U. 


Oct. 15, 1959. 30 pp. 14 refs. Development 
of a feedback contactor control with linear 
switching function. 

Fast Response in Reversing Servo Drive. 
J. A. Hudak. Elec. Mfg., Jan., 1960, pp. 117- 
119. Description of a speed feedback drive 


Lamb® 27 volt DC shunt 
wound aircraft motor 
qualified to specification 
MIL-M-8609A (ASG) for 

small high speed 
pumps. Frame: 
1% x 1% 


Lamb® six-pole 400 cycle AC gear- 
motor for voltage regulating auto 
transformer. Frame: 1% x % 


Lamb® two-pole 60 cycle 
AC motor for electronic 
cooling fan. Frame: 2%4x% 


Write for your copy... 
8-page folder 
describes these and 
other Lamb Electric 
motors. 
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Lamb® six-pole 400 
cycle AC motor for 
operation submerged 
in jet fuel for booster 
pump drive. Frame: 
2% X 


Lamb Electric works in so many fields 
—where motors that have vastly dif- 
ferent jobs to do are sold to vastly 
different markets — that experience 
gained in one field often helps solve 
problems in other fields. 

For example, we are able to incor- 
porate in motors for appliances, port- 
able electric tools, and similar prod- 
ucts, developments that came about 
in research and engineering work on 
military and other precision motors. 

This broad experience—available 
to all of our customers—is one way 
in which Lamb Electric special appli- 
cation motors can help your product 
stay ahead of competition. 

Let us demonstrate the value of 
this experience in bringing to your 
customers improved products and to 
you more business and better profits. 


THE LAMB ELECTRIC COMPANY 
KENT, OHIO 


A Division of American Machine and Metals, Inc. 


Lamb Electric 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER MOTORS 
in Canada: Lamb Electric 
Division of Sangamo Company Ltd.—Leaside, Ontario 


system and the design features of the d.c. motor 
used for control purposes. 


Graphico-Analytic Method for Determining 
Relay System Characteristics. ©. P. Kuz’min. 
(Aviom. Telemekh., Apr., 1958.) Automation 
& Remote Control, Feb., 1959, pp. 277-287, 
Translation. 


A Punched Card Method for Synthesizing 
Sequential Relay Systems. . I. Shestakoy, 
Avtom. i Telemekh., June, 1958.) Automation 
& Remote Control, Mar., 1959, pp. 581-5992. 
10 refs. Translation. Presentation of a method 
for implementing a vector-algebraic method of 
synthesizing sequential systems of two-position 
relays by means of special punched cards. 


Analysis of Free Oscillations About Its Center 
of Gravity of a Neutral Plane,Without Damping of 
Its Own and witha Relay Autopilot. V. Iu. Rut- 
kovskii. (Avtom. i Telemekh., May, 1958.) 
Automation & Remote Control, Mar., 1959, pp. 430- 
441. 12refs. Translation. Analysis of a relay 
system described by a simple degenerate third- 
order equation. The equations of surfaces deter- 
mining the region of attraction, equilibrium 
state, and the stable limiting cycle are presented, 


A New Design Concept for Controlling Contro|- 
Systems: Self-Optimizing Servo Circuits. J. 
M. Nightingale. Mach. Des., Jan. 7, 1960, 
pp. 139-143. 


A Parameter Tracking Servo for Adaptive 
Control Systems. M. Margolis and 
Leondes. U. Calif. Dept. Eng. UCLA Rep. 
(AFOSR TN 59-917), Aug., 1959. 30 pp. 10 
refs. Description of a mechanism that will 
continuously track the parameters of the physical 
process as they change with time in some un. 
known manner. It consists of the following 
elements: (1) the physical process, (2) the 
learning model, and (3) the adjusting mecha- 
nism. The learning model and the physical 
process are subjected to the same input signals 
Their outputs are compared, and the resultant 
error is fed to the adjusting mechanism where 
some function of this error is used to adjust the 
parameters of the learning model. 


Dynamics of a Relay-Type Electric Servo- 
mechanism with a Load Varying Proportionally 
to the Motion. N. S. Gorskaia. (Avtom. j 
Telemekh., June, 1958.) Antomation & Remote 
Control, Mar., 1959, pp. 533-549. Translation. 


The Analysis of Valve-Controlled Hydraulic 
Servomechanisms. R. Rausch. Bell Sys- 
tem Tech. J., Nov., 1959, pp. 1,513-1,549. 
Derivation of nonlinear equations representing the 
behavior of valve-controlted hydraulic servo- 
mechanisms, and discussion of the asssumptions 
necessary for their linearization. The influence 
of the hydraulic parameters on the nonlinear 
closed-loop system behavior is also considered 


Design and Performance Criteria of the Ac- 
celeration Switching Hydraulic Servo. W. 
Seamone. (Quart. Rev. Bumblebee Activ., Jan- 
Dec., 1958.) Johns Hopkins U. APL BB Reb. 
283, 1959, pp. 22-28. 


Aids to the Design of Pneumatic Servo Valves. 
. D. MacNaughton. Can. Aero. J., Dec, 
1959, pp. 413, 414. Presentation of simplified 
solutions for orifice calculations to reduce pre- 
liminary design calculation time. 


Education & Training 


System Organization of a Multiple-Cockpit 
Digital Operational Flight Trainer. H. J. 
Gray, Jr., H. H. Nishino, and A. L. Vivatson, 
IRE Trans., EC Ser., Sept., 1959, pp. 326-330. 
Description of the system in which the computer 
is drum-sequenced and represents an application 
of the theory of multiple computers due to the 
presence of several different kinds of memories 
and more than one arithmetic unit in the system 


Electronics 


Electronic Scanning System for Infrared Imag- 
ing. M. E. Lasser, P. H. Cholet, and R. B 
Emmons. JRE Proc., Dec., 1959, pp. 2069- 
2075. 14 refs. Description of a new electronic 
infrared imaging system. The infrared image 
of a given fteld of view is focused onto a scanning 
tube which dissects the image; after passing 
through the scanning tube, the radiation is then 
refocused onto a separate infrared detector. 

Reflex Miultipactor Effect. B. Epsztein 
Polytech. Inst. Bklyn., MRI Res. Rep. R-763-59, 
PIB-691 (AFOSR TN 59-1103), Sept. 22, 1959 
15 pp. Analysis of a multipactor effect which can 
take place on a single surface in the pressure of 4 
tangential d.c. magnetic field. It is shown that 
the presence of this effect depends only on the 
ratio of the cyclotron frequency corresponding to 
the applied magnetic fie'd to the operating 
frequency, once a threshold for the r-f field is 
reached. 


Amplifiers 


A Selective Low-Frequency RC-Amplifier as # 
Control System Element. Iu. G. Kochinev. 
(Avtom. i Telemekh, Apr., 1958.) Automation 
& Remote Control, Feb., 1959, pp. 349-334 
Translation. 

Analysis of a Transistor Operational Amplifier. 
R. E. Gorozdos and S. A. Kramer. (Quart. 
Rev. Bumblebee Activ., Jan.-Dec., 1958.) Johns 
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Space-age tailors at B.F.Goodrich are making sure that 
otor America’s first Astronaut will be the best dressed man 
in history. Never before have so much time, energy and 
ingenuity been lavished on a suit of clothes. But then, 
no suit has ever had to do so many jobs at once. This 


one must maintain enough pressure to keep a man’s 
sien blood from boiling in an almost complete dt It B.EGoodrich 
ation must provide air to breathe. It must be lightweight and 
thod flexible enough to allow free movement. And, of course, 
it must be well insulated to protect against the heat 
developed during re-entry. 

The pressure suit which meets all these requirements 
is only one of the contributions BFG has made to man’s 
430- conquest of space. 
eee B.F.Goodrich also produces heat shields for nose 
cones, missile cases, air-frame structural components, 
flame deflectors, flare cases and rocket nozzles. For 
atrol- information on these and other BFG space-age develop- 
i968, ments, such as solid fuels and rocket ship tires, write 
B.F.Goodrich Aviation Products, a division of The 
B.F.Goodrich Company, Dept. AS-3, Akron, Ohio. 
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i Imag- 
Last September the first 


-ctronic full-scale model of the 

Mercury space capsule was Mock-up of Project 
passing boosted 100 miles high Mercury capsule, built 
is then ie atop this Atlas missile. by McDonnell Aircraft 
pexten. Protected by a BFG lami- Corporation for the 
7653, . “ nated glass fiber and resin manned orbital flight 
can i: heat shield, the capsule program of the Nation- 
ure ofa shot back into earth’s al Aeronautics and 
atmosphere at approx- Space Administration. 
nding to imately 14,000 miles an 
eld hour. Although tempera- 


ture of the outside skin of 


the heat shield reached B EG d h 
fier asa about 3000° Fahrenheit, ome 00 TIC aviation products 


the temperature inside 


ochinev. 

tomation the capsule never exceed- 

349-368 ed 150 degrees during 

mplife. the critical moments of 
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Hopkins U. APL BB Rep. 283, 1959, pp. 17- 
21. 


Evaluation Study of a Transistor Operational 
Amplifier. . L. Konigsberg. (Quart. Rev. 
Bumblebee Activ., Jan.-Dec., 1958.) Johns Hop- 
kins U. APL BB Rep. 283, 1959, pp. 51-56. 

Povyshenie Koeffitsienta Poleznogo Deistviia 
Reversivnogo Magnitnogo Usilitelia Postoian- 
nogo Toka pri Pomoshchi Transistorov. M. A. 
Rozenblatt and G. V. Subbotina. Avtom. ¢ 
Telemekh., Sept., 1959, pp. 1268-1273. In 
Russian. Presentation of a method for increasing 
the efficiency of reversible d.c. magnetic amplifiers 
by means of transistors. 


Operating Characteristics of an Ammonia 
Beam Maser. F. S. Barnes. JRE Proc., 
Dec., 1959, pp. 2085-2098. 51 refs. Expansion 
of the simple theory to predict the angular distri- 
bution of the molecules coming from the beam 
collimator and the effect of the focuser on the 
velocity distribution of the molecules entering 
the cavity. 

Radio Astronomy Receivers. II. F. D. 
Drake. Sky & Telescope, Dec., 1959, pp. 87- 
89. Discussion of the use of maser and reactance 
amplifiers in radio telescopes. 


Antennas, Radomes 


The Design Criteria of a Common Aerial 
System for Simultaneous Transmission and 
Reception of V.H.F. Si s. J. K. Grierson. 
Electronic Eng., Sept., 1959, pp. 546-549. 

Super-Gain Aerial Beam. R. F. Kyle. Elec- 
tronic & Radio Engr., —_ 1959, pp. 338-340. 
Description of a method for deducing the distri- 
bution of field on a cylinder of any prescribed 
radius from a given distribution on a cylinder 
of infinite radius. 


Optical and Electromagnetic Techniques for 
Prediction of Radome Boresight Errors. G. M. 
Hahn. USAF WADC TN 59-257, Aug., 1959. 
84 pp. 

Successive Variational Approximations of 
Impedance Parameters in a Coupled Antenna 
System. M. K. Hu and Y. Y. Hu. JRE 
Trans., AP Ser., Oct., 1959, pp. 373-379. 

Corner-Driven Coupled Square Loop Antennas. 
S. Prasad. Can. J. Phys., Dec., 1959, pp. 
1407-1417. Derivation of the self and mutual 
impedances of two or more corner-driven square 
loops when these are identical and stacked to 
form an array such that the centers of the loops 
are equally spaced along the y-axis of a rec- 
tangular coordinate system. 

Radiation Properties of a Thin Wire Loop 
Antenna Embedded in a Spherical Medium. 
O.R.Cruzan. JRE Trans., AP Ser., Oct., 1959, 
pp. 345-352. 20refs. 


Integral Equations for an Antenna in the 
Form of a Body of Revolution with an Impedance 
Surface. N. N. Govorun. Sov. Phys. - Dokl., 
Dec., 1959, pp. 562-565. Translation. 


Pattern Synthesis for Slotted-Cylinder Anten- 
nas. J. R. Wait and James Householder. J. 
Res., Sect. D-RP, Nov.-Dec., 1959, pp. 303-313. 
USAF-sponsored discussion of the radiation from 
a cylinder excited by an array of axial slots. A 
procedure for synthesizing a given radiation 

attern is developed considering particularly a 
chebyscheff-type pattern. 

Ceramic Rod Antennas. E. A. Beck and D. 
T. Collins. (Quart. Rev. Bumblebee Activ., 
Jan.-Dec., 1958.) Johns Hopkins U. APL 
BB Rep. 283, 1959, pp. 14-16. Presentation of 
test results on aluminum oxide antennas showing 
the electrical and mechanical properties which 
make it useful for high-frequency, high-tempera- 
ture, and high-strength applications. The effects 
of tapering of the rod are also discussed. 


The Unidirectional Equiangular Spiral Antenna. 

. D. Dyson. IRE Trans., 
1959, pp. 329-334. USAF-supported description 
of an antenaa constructed by wrapping balanced 
equiangular spiral arms on a conical surface. 
The nonplanar structure retains the frequency- 
independent qualities of the planar models and, 
in addition, provides a single lobe radiation 
pattern off the apex of the cone. 

A Flush-Mounted Leaky-Wave Antenna with 
Predictable Patterns. R. C. Honey. JRE 
Trans., AP Ser., Oct., 1959, pp. 320-329. 11 
refs. USAF-supported description of the design 
and the measured performance of a large, flat 
antenna consisting of an inductive grid spaced 
over a conducting surface. The analysis uses the 
transverse-resonance method to determine the 
radiating properties of the structure. The 
analytical technique is shown to predict very 
accurately the amplitude and phase of the 
illumination along the aperture of the antenna. 

Flugvermessu der Empfangscharakteristik 
einer 
R. Wendlinger and M. Raab. DVL Bericht 
No. 63, Sept., 1959. 44 pp. Westdeutscher 
Verlag, Kéln & Opladen. In German. De- 
scription of flight measurements made to deter- 
mine the radiation pattern of a 75 mce./sec. 
aircraft marker antenna. 


Circuits and Components 


Analysis of Trensistor-Resistor-Logic Circuit 
Propagation Delay. W. J. Dunnet, E. P. Auger, 
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and A. C. Scott. Syvlania Tech., Oct., 1959, 
pp. 123-133. Discussion of transistor input 
capacitance, transistor rise, decay and storage 
times, and their relationship to propagation 
delay. A procedure is outlined for calculating 
the propagation delay for a given transistor 
circuit configuration. 


Frequency Multiplication with Nonlinear 
Capacitors—A Circuit Analysis. D. B. Leeson 
and S. Weinreb. JRE Proc., Dec., 1959, pp. 
—™ USAF - Army - Navy - supported 
study. 


Communications 


Designing for Space Communications. Joseph 
Vogelman. Space/Acronautics, Dec., 1959, pp. 
126-130. Discussion covering all properties of 
the moon as a passive radio delay, problems of 
passive satellite communications, three types of 
active communication satellites, and communica- 
tions to space via a space vehicle. 

Concerning Optimum Frequencies for Spac 
Vehicle Communication. S. Perlman, L. C. 
Kelley, W. T. Russell, Jr., and W. D. Stuart. 
IRE Trans., CS Ser., Sept., 1959, pp. 167-173. 
refs. Analysis covering system factors 
affecting the received signal-to-noise ratio to 
determine optimum frequencies for line-of-sight 
communication bet ween space vehicles and earth- 
based stations. The factors influencing receiver 
noise, particularly at the mixer and the antenna, 
are discussed. Also considered are the effects of 
auroral displays, water vapor and gaseous absorp- 
tion, Faraday rotation of polarization, and radio 
star scintillations. 

Meteor Burst Communication System. Tech. 
News Bul., Nov., 1959, pp. 210-212. Description 
of an experimental radio communication system 
which uses reflections from meteor trails for two- 
Way message transmission. 


New Developments in FM Reception and Their 
Application to the Realization of a System of 
**Power-Division’’ Multiplexing. E. J. Bagh- 
RE Trans., CS Ser., Sept., 1959, pp. 
USAF-Army-Navy-supported research. 


Construction Techniques 


Manufacturing Problems—Electronic Guid- 
ance and Control. H. E. Rice. SAE Nail. 
Aero. Meeting, New York, Mar. 31-Apr. 3, 
1959, Preprint 45S. 11 pp. 


Electronic Designer’s Shock and Vibration 
Guide for Airborne Applications. R.E. Barbicre 
and Wayne Hall. USAF WADC TR 58-363 
[AD 204095], Dec., 1958. 242 pp. 125 refs. 
Presentation of theoretical and practical aspects 
of shock and vibration. The relative suscepti- 
bilities of component parts and the effects of the 
mounting orientation of component parts in the 
equipment are presented. Also covered are the 
design of racks and chassis for best resistance to 
shock and vibration and the use of auxiliary 
means, such as damping or isolation, for either 
resisting or changing the environment. 


dady. I 
147-161. 


Dielectrics 

Research Progress in Dielectrics—1959. A. 
E. Javitz. (NAS-NRC Conf. Elec. Insulation, 
28th Annual Meeting, Pocono Manor, Oct. 26- 
28, 1959.) Elec. Mfg., Jan., 1960, pp. 60-70. 
Summary of papers considering the following 
topics: high-temperature materials and _ test 
techniques and the effects of purity; capacitor 
dielectrics and design; behavior of dielectrics at 
microelectric frequencies and related test tech- 
niques; corona effects and measurements; and 
electrical tracking resistance. 


Electronic Tubes 


A Simple Investigation of the Cross-Modula- 
tion Distortion Arising From the Pulling Effect in 
a Frequency-Modulated Klystron. T 
Gjessing. (Electronics & Comm. Sect. Meeting, 
Feb. 23, 1959.) (IEE Paper 2789 E.) IEE Proc., 
Pt. B, Sept., 1959, pp. 473-477. 

Some Measurements of Spurious Outputs 
from Frequency Changers. Appendix I—Noise 
and Signal Voltages at Input to Frequency 
Changer. Appendix II—Expected Frequencies of 
Responses. E. A. Blake. Gi. Brit., RAE 
TN G.W. 522, Aug., 1959. 44 pp. 


Magnetic Devices 


New Ferrite Phase Shifter Paves Way for 
Inertialess Scanning Radar. F. E. Goodwin and 
T. A. Nussmeier. Space/Aeronautics, Dec., 
1959, pp. 131-136. 


Measurement & Testing 


High-Potential Tests for Aircraft and Missile 
Electrical Insulation. L. B. Kilman and J. P. 
Dallas. Elec. Mgf., Dec., 1959, pp. 124-127. 
Description of experimental procedures and 
summarized presentation of test data on com- 
mercially available materials. 


An Alternative Method for Comparing the 


Electrical Properties of Epoxy Casting Resins. 
D. H. Thompson. Electronic Eng., Nov., 1959. 
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pp. 686,687. Description of a method for assess- 
ing the dielectric constant, loss, and volume 
resistivity of epoxy casting resins over a wide 
temperature range and for frequencies up to 5 
mce./sec. 


Modulation 


Pulse Modulators Using Transistors and 
Switching Reactors. B. F. C. Cooper and W. J 
Payten. Australia, IRE Proc., Mar., 1959, 
pp. 148-152. Reprint. Description of a re- 
generative circuit using a power transistor to 
control the charging of a pulse-forming network 
through a transformer with a sharply saturating 
core. 


Networks, Filters 


Network Analysis. Louis Weinberg. Elec. 
Mfg., Jan., 1960, pp. 89-116. 29refs. Presenta- 
tion of theory and principles of basic network 
analysis assuming a working knowledge of matrix 
theory and Laplace transform theory. 


A Compiler for Network Analysis. W. J. 
Miller. (Quart. Rev. Bumblebee Activ., Jan.- 
Dec., 1958.) Johns Hopkins U. APL BB Rep. 
283, 1959, pp. 62-65. Development of a compiler 
which permits a system to be described sy mboli- 
cally so that during production runs only pa- 
rameter variations need to be supplied to the 
computer as input data. 


Active Network Synthesis by Lattice Reduction. 
R. E. Thomas. JU. Ill. Eng. Exp. Sta. EERL 
CTG TN 8 (AFOSR TN 59-584) [AD 217031}, 
May 15, 1959. 95 pp. 25 refs. Development 
of an active R-C synthesis procedure beginning 
with the synthesis of symmetric lattice. 


A Practical Electro-Mechanical Filter. H. 
Bache. Marconi Rev., 3rd Quart., 1959, pp. 
Discussion of the manufacture of 
electromechanical filters using mechanical ele- 
ments operating in the torsional mode. 


A Theoretical Analysis of the Torsional Electro- 
Mechanical Filters. W. Struszynski. Marconi 
Rev., 3rd Quart., 1959, pp. 119-143. Study 
considering mainly the torsional vibration of 
cylindrical rods, including a brief analysis of 
other modes of vibration. The mechanical 
properties of the system are translated into their 
electrical equivalents so that an electrical filter 
network can be designed and its elements con- 
= into a corresponding mechanical equiy- 
alent. ‘ 


Filter aus Leitungsstiicken wechselnden Wel- 
lenwiderstandes. H. Mattes. DVL _ Bericht 
No. 102, Aug., 1959. 144 pp. 99 refs. West- 
deutscher Verlag, Kéln & Opladen. In German 
Presentation of a theory for filters composed of 
transmission line sections having changing char- 
acteristic impedance, and discussion of associated 
problems. The measured values are plotted and 
compared with those predicted theoretically. 


Noise, Interference 


The Spectral Density of the a.m. Noise in 
Reflex Klystrons. H. Haggblom. (JEE Paper 
3032 E.) IEE Proc., Pt. B, Nov., 1959, pp. 
497-500. 


Oscillators, Signal Generators 


A Transistorized Voltage-Controlled FM Sub- 
carrier Oscillator. A. M. Chwastyk. (Quart. 
Rev. Bumblebee Activ., Jan.-Dec., 1958.) Johns 
oven U. APL BB Rep. 283, 1959, pp. 45- 


The Instantaneous Complex Frequency Concept 
and Its Application to the Analysis of the Building 
Up of Oscillations in Oscillators. Stefan Hahn 
Vibration Prob. Proc., No. 1, 1959, pp. 29-47. 


Piezoelectricity 


Spherical Barium Titanate Pressure Pickups 
for Shock Waves in Air. V. P. Makushkin and 
A. V. Mishuev. Sov. Phys. - Acous., Jan- 
Mar., 1959, pp. 62-67. Translation. Analysis 
of the operation of a spherical barium titanate 
piezoelectric shell. 


Mechanism of Vibrations in the Magneto- 
strictive Transducer. Leszek Filipezytiski. 
Vibration Prob. Proc., No. 1, 1959, pp. 15-28. 
Study of a magnetostrictive transducer with the 
core in the form of a rod. The simplifying as- 
sumptions introduced include the linearity of 
the magnetic, elastic, and magnetostrictive 
properties of the transducer, as well as its homo- 
geneity; the losses, the magnetic viscosity, and 
relaxation are neglected. 


A Method of Reducing the Time Lag of Trans- 
ducers Which Have an Exponential Response. 
L. Whitlow and M. J. Porter. Electronic Eng., 
Sept., 1959, pp. 536-542. 


Power Supplies 


Fundamental Investigations of Electrical 
Power Sources. II—Batteries. E. J. Hellund. 
Plasmadyne Corp. Rep. E-2F R049-332, vol. Il 
(AFOSR TN 59-430) [AD 214 780}, Apr. 24, 
1959. 102 pp. Summarized presentation o 
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Illustrated: 40 Pound Thrust Motor Assembly 
(one-third actual size) 


1. Squib Valve, 2. Tank-Pressure Section, 
3. Tank-Fuel Section, 4. Solenoid Valve, i 
5. Decomp Chamber, 6. Nozzle. NS = 


REACTION CONTROL SYSTEMS BY KIDDE 
are highly reliable, now in production. Today 
being used on the NASA Scout, Air Force Thor, 
and the Air Force HETS, they are low in cost, 
light in weight, highest in performance. Kidde 
systems use mono-propellant, bi-propellant, cold 
gas, or solid fuels. Thrust motors from 2 to 600 
pounds. For repeatability, response, and reliability 
in reaction control equipment, Kidde can serve 
you best! Write to Kidde today outlining your 
reaction control requirements. 


Kidde Aero-Space Division 


Walter Kidde & Company, Inc., 311 Main St., Belleville 9, New Jersey 


Walter Kidde-Pacific, Van Nuys, California » Walter Kidde & Company of Canada Ltd., Montreal, Toronto, Vancouver 
District Sales Engineering Offices: Dallas, Texas * Dayton, Ohio * St. Louis, Mo. * San Diego, Calif * Seattle, Wash. * Van Nuys, Calif. * Washington, D. C. 
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performance characteristics, structure, power- 
weight ratios, and power-volume ratios of chemical 
batteries. 

Fundamental Investigations of Electrical Power 
Sources. —Direct Electrical Converters. 
E. J. Hellund. Plasmadyne Corp. Reb. E-3F RO- 
49-332, vol. III (AFOSR TN 59-429) [AD 214 
779), Apr. 24,1959. 76 pp. 

Rectifier Voltage Transients—Causes, Detec- 
tion, Reduction. utzwiller. Elec. 
Mfg., Dec., 1959, pp. 167-173. Presentation of 
circuit design methods to reduce or eliminate 
voltage transients in silicon and germanium 
rectifiers. 

Design Techniques for Static Inverters. 1. 
A. A. Sorensen. Elec. Mfg., Jan., 1960, pp. 
79-87. Presentation of design methods for the 
oscillator and control subcircuits of a semi- 
conductor inverter. 

Finding the Optimum Load for Solar Ceils. 
A. J. Heager and T. R. Nisbet. Space/Aero- 
nautics, Dec., 1959, pp. 153, 154, 158-174 (ff.). 


Radar 


Radar-Bibliographie; Radar-Literatur der 
letzten fiinf Jahre. W. Reinhardt. DVL 
Bericht No. 73, June, 1959. 103 pp. 804 refs. 
Westdeutscher Verlag, Kéln & Opladen. In 
German. Comprehensive review of the literature 
covering radar data published over the period 
of 1953 to 1958. 

How Solar Noise Calibrates Radars. J. A. 
Kuecken. Electronics, Dec., 25, 1959, pp. 44, 
45 Application of the optical sighting of the 
sun combined with simultaneous measurement of 
solar noise to check the congruence between the 
boresight telescope and the antenna pattern 
axes. 

The Role of Radar in Space Research. K. J. 
Craig, A. Shapiro, and B. S. Yaplee. Naval 
Res. Rev., Sept., 1959, pp. 1-7. Discussion of 
the application of radar to investigate the 
densities, distances, and dynamic properties of 
ionospheric clouds and solid bodies. Includes 
some of the accomplishments in this field and 
several proposed projects. 

An Investigation with Neutral Density Filters 
of the Relationship Between CRT Signal Detec- 
tion and Brightness Discrimination. R. L. 
Erdmann. USAF RADC TN 59-318, Nov., 
1959. Spp. 

Instrumentation for the Automatic Measure- 
ment of Changes in Phase Height and Amplitude 
of Pulsed Radio Signals. Walter Sawchuck. 
Penn. State U. 1RL Sci. Rep. 117 (AFCRC TN 
59-618), Mar.1,1959. 133 pp. 13 refs. 

Die technischen Grenzen des 3-D-Rundsuch- 

Radargerittes. Giinther Ulbricht. ZFW, Nov., 
1959, pp. 314-321. 17 refs. In German. 
Investigation showing the different limits for the 
construction of a three-dimensional radar unit 
requiring a three-dimensional display of the 
targets in space. A suggestion for a design with 
cathode-ray tubes is made. 


Reliability 


Reliability Thru Standardization of Printed 
Circuits. Sigmund Kramer, Lawrence Krauss, 
and Joseph Monturo. ARMA Enz., Sept-Oct., 
1959, pp. 26-29. Presentation of design standards 
and related specifications for printed circuitry. 


Semiconductors 


Compound Semiconductors. D. A. Wright. 
Electronic Eng., Nov., 1959, pp. 659-065. Discus- 
sion of the more important parameters goveraing 
the behavior of semiconductors. These considera- 
tions are then applied to the various types of 
semiconducting compound which have so far 
been studied, and values of the mean parameters 
are quoted. The usefulness of the materials for 
different applications is discussed in the light of 
these figures. 

Typical High-Power Silicon Transistors. T. 
P. Nowalk. Electronics, Dec. 18, pp. 76, 77. 
Presentation of properties for 28 commercially 
available silicon transistors. 

Transistors in Magnetic Fields. P. C. Trivedi 
and G. P. Srivastava. Electronic & Radio Engr., 
Oct., 1959, pp. 368-370. Study of the char- 
acteristics of p-n-p alloy junction transistors 
subjected to a magnetic field and connected in 
a common-emitter amplifier with normal fixed 
bias 


Telemetry 


Optimal Frequency Deviation in One-Channel 
Telemetering Systems. Iu. I. Chugin. (Aviom. 
i Telen.ekh., Apr., 1958.) Automation & Remote 
Controi, Feb., 1959, pp. 339-348. Translation. 


Data Conversion Circuits for Earth Satellite 
Telemetry. D. N. Carson and S. K. Dhawan. 
Electronics, Jan. 15, 1960, pp. 82-84. Description 
of a transistorized pulse height analyzer for a 
satellite to telemeter the amplitude distribution of 
pulses from radiation detectors. 


Real-Time Data Transmission System. C. 
R. Scott and W. H. Butler. JRE Trans., CS 
Ser., Sept., 1959, pp. 201-205. Description of a 
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system used to transmit the digital range, 
azimuth, and elevation coordinates from remotely 
located AN/FPS-16 radars into an IBM 704 
computer. 


Transmission Lines 


R-F Cables and Connectors for Military 
Applications. Morton Pomerantz. Electronics, 
Dec. 25, 1959, pp. 42, 43. 

Cable, RF Coaxial, Low-Loss, High Tempera- 
ture. E. T. Pfund, Jr., and Bard Suverkrop. 
USAF WADC TR 59-211, Apr., 1959. 54 
pp. 72 refs. 


Theory and Behaviour of Helix Structures 
for a High-Power Pulsed Travelling-Wave Tube. 
G. W. Buckley and J. Gunson. (Electronics & 
Comm. Sect. Meeting, Feb. 23, 1959.) (IEE 
Paper 2788 E.) IEE Proc.. Pt. B, Sept., 1959, 
pp. 478-486. 16 refs. 


Leaky-Wave Antennas. I—Rectangular 
Waveguides. L. O. Goldstone and A. A. Oliner. 
IRE Trans., AP Ser., Oct., 1959, pp. 307-319. 
17 refs. USAF-supported application of a micro- 
wave network approach for the description and 
analysis of a leaky-wave antenna. Results are 
obtained by means of a perturbation technique 
used for the resonance equation, and the proce- 
dures are illustrated by application to a number of 
practical leaky rectangular wave guide structures. 
Mode Conversion in Pyramidal-Tapered Wave- 
—. L. Solymar. Electronic & Radio Engr., 

ec., 1959, pp. 461-463. Analysis showing that 
if two rectangular wave guides of different cross 
section are connected by means of a taper, higher- 
order modes will be generated. 

The Launching of Surface Waves by a Parallel 
Plate Waveguide. C. M. Angulo and W. S 
C. Chang. JRE Trans., AP Ser., Oct., 1959 
pp. 359-368. 17 refs. 
search. 

Closely-Spaced Transverse Slots 
tangular Waveguide. R. F. Hyneman. JRE 
Trans., AP Ser., Oct., 1959, pp. 335-342, 
10 refs. USAF supported study of the traveling- 
wave modes associated with an infinite, periodic 
structure. An approximate equation for the 
propagation constants of these modes is derived 
through the use of Fourier analysis and an 
approximate application of the reaction concept. 

Analysis of the Stability of an Electro-Magnetic 
Field in Rectangular aveguides with Dis- 
continuities with Due Consideration of Wall 
Conductivity. A. Turski. Acad. Pol. Sci. 
oo Tech. Sci. Ser., Nos. 7-8, 1959, pp. 477- 


USAF-supported re- 


in Rec- 


Gyromagnetic Modes in Waveguide Partially 
Loaded with Ferrite. H Seidel and R. C. 
Fletcher. Bell System Tech. J., Nov., 1959, pp. 
1427-1456. llrefs. Analysis of all the propagat- 
ing modes of a vanishingly small rectangular 
wave guide partially filled with transversely 
magnetized ferrite. The nonreciprocal effects 
are described, and the possibility of building 
puiely reactive isolators is considered. 


Wave Theory 


Polarization Computations by Means of the 
Multislab Approximation. Ferraro and 
J. J. Gibbons. J. Atmos. & Terrestrial Phys., 
Oct., 1959, pp. 136-144. USAF-sponsored 
study comparing the results of a_ previously 
developed approximation method with those of 
a multislab approximation; it is shown that the 
step method yields satisfactory results. 


Rhythmic Fading of Short-Wave Radio Signals. 
B.N. SinghandR.L.Ram. J. Atmos. & Terres- 
trial Phys., Oct., 1959, pp. 145-155. Study of 
the problem of periodic fading produced by iater- 
ference of two or more components of a sinusoidal 
radio signal, considered as equivalent to finding 
the resultant of the emf’s of two or more 
radiofrequency simple harmonic vibrations of 
nearly equal frequency. 


The Refraction of Radio Waves by a Spherical 
Ionized Layer. E. Woyk. Atmos. & Ter- 
restrial Phys., Oct., 1959, pp. 124-135. Deriva- 
tion of a general expression for the refraction of 
radio waves passing completely through a 
spherical ionized layer, using a simple ray treat- 
ment. A similar formula is derived for the 
ray-path length. 


A Transport Equation for the Spectral Densi 
of 9 Multiply Scattered Electromagnetic Field. 
D. S. Bugnolo. Columbia U. Sch. Eng. Dept. 
Elec. Eng. TR T-3/D (AFOSR TN 59-1175), 
Nov. 19,1959. 23pp. 19 refs. 


Accuracy of Zero-Counters and Their Use in 
High-Precision Doppler Measuring Devices. 
Edwin Shotland. (Quart. Rev. Bumblebee Activ., 
Jan.-Dec., 1958.) Johns Hopkins U. PL 
BB Rep. 283, 1959, pp. 57-61. 


A New Method for Solving the Problem of the 
Diffraction of Electromagnetic Waves by a Thin 
Conducting Disk. N. N. Lebedev and I. P. 
Skal’skaya. Sov. Phys. - Tech. Phys., Dec., 
1959, pp. 627-637. llrefs. Translation. 


Sweep-Frequency Studies in Beyond-the- 
Horizon Propagation. . Kummer. JRE 
Trans., AP Ser., Oct., 1959, pp. 428-433. Study 
of the bandwidth characteristics of the propagat- 
ing medium in tropospheric beyond-the-horizon 
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propagation. frequency-sweep experiment 
and the equipment used are described, and the 
results are discussed. 


An Ionospheric Ray-Tracing Technique and Its 
Application to a Problem in Long-Distance Radio 
Propagation. D. B. Muldrew. JRE Trans., 
AP Ser., Oct., 1959, pp. 393-396. 

Errors in Ionospheric Forecasting; 
Frequencies for the E and F2 Layers. 
Minnis and G. H. Bazzard. 
Radio Engr., Oct., 1959, pp. 380-383. 

The Calculation of the m.u.f. Factor of a Non- 
Parabolic Ionospheric Layer. M. D. Vickers. 
J. Atmos. & Terrestrial Phys., Dec., 1959, pp. 
34-45. Description of a method for calculating 
the ray path of a radio wave through the 
ionosphere as represented by an N(h) profile— 
i.e., curves of electron density as a function of 
height in the ionosphere. A few such paths ate 
calculated, and from these the maximum usable 
frequency factors, (M 3,000) Fo, are obtained. 

The Absorption of Short Radio Waves in the 
D-, E- and F-Regions of the Ionosphere. J. 
D. Whitehead. J. Atmos. & Terrestrial Phys., 
Nov., 1959, pp. 283-290. 16 refs. 

The Use of Full-Wave Solutions in the Inter- 
pretation of Ionospheric Absorption Measure- 
ments. J. A. Fejer and R. W. Vice. . Atmos. 
& Terrestrial Phys., Nov., 1959, pp. 307-317, 
15 refs. 

Experiments in Very Low-Frequency Radio 
Propagation. R. . Golden. CIT Elec. Eng, 
Dept. TR 5 (AFOSR TN 59-583) {AD 217030}, 
June, 1959. 130 pp. 37 refs. Description of 
studies on long-distance propagation, ionospheric 
vertical sounding measurements, and the gen- 
eration of round trip gyroelectric echoes. 

The ‘‘Waveguide Mode’? Theory of Radio 
Wave Propagation When the Ionosphere is not 
Sharply Bounded. D. W. Barron. Philos. 
Mag., &th Ser., Sept., 1959, pp. 1068-1081. 
Presentation of a method for calculating the mode 
characteristics for any horizontally stratified 
ionosphere in which the electron density and 
collision frequency vary with height in some 
arbitrary prescribed manner. 


Path Antenna Gain in an Exponential Atmos- 


Critical 
C. M. 
Rlectronic & 


phere. W. J. Harman and R. E. ilkerson. 
J. Res., Sect. D - RP, Nov.-Dec., 1959, pp. 
273-286. 10refs. Presentation of a method for 


determining the path antenna gain, taking into 
account the exponential decrease of the gradient 
of refractive index with height, and a scattering 
cross section inversely proportional to the fifth 
power of the scattering angle. 


Radio Scattering by Tropospheric Irregularities, 
A. D. Wheelon. (4th ICSU Joint Comm. Radio- 
Meteorology, New York, Aug. 14-26, 1957.) J. 
Atmos. & Terrestrial! Phys., Nos. 3/4, Oct., 1959, 

185-205. 46 refs. Discussion of the 
scattering of radio waves, covering the refractive 
index irregularities, line-of-sight phase and 
amplitude instability, and tropospheric scatter 
propagation, 


Recent Experimental Evidence Favouring the 
eKi(p) Correlation Function for Describing the 
Turbulence of Refractivity in the Troposphere 


and Stratosphere. K. A. Norton. (4th ICSU 
Joint Comm. Radio-Meteorology, New York, 
Aug. 14-16, 1957.) J. Atmos. Terrestrial 


Phys., Nos. 3/4, Oct., 1959, pp. 206-227. 21 
refs. 


A Formalized Procedure for the Prediction 
and Analysis of Multichannel Tropospheric 
Scatter Circuits. C. A. Parry. JRE Trans. 
CS Ser., Sept., 1959, pp. 211-221. 


Equipment 


Electric 


Designing a Generator for 600-deg F Operation. 
J. T. Bateman. Space/ Aeronautics, Dec., 1959, 
pp. 47-49. Brief survey of high reliability gen- 
erator configurations and their limitations. A 
generator selected for a 600° F. operation is 
described and its characteristics are related to 
conventional design. 


Examination of Effects of Flash-Over in Type 
551 Generators. A ason. Gt. Brit, 
RAETN El. 168, Aug., 1959. 20 pp. 


Theory of the Cause of Generator Flashover in 
Medium Voltage D.C. Systems. C. S. Hudson. 
Gt. Brit., RAE TN El. 169, July, 1959. 8 pp. 


Hydraulic & Pneumatic 


Selection of Design and Materials for High- 
Temperature Pneumatic Actuators. W. J. 
Koerner. SAE J., Dec., 1959, pp. 72, 73. 
Abridged. Description of air motors based 00 
the principle of the nutating disc. The absence 
of complex valving assures high reliability. 5 

Continuous Air Source Packs for Jet Engine 
Starting and Air Conditioning. F. P. Carr, Jr. 
and Stanley Kalikoff. SAE Natl. Aero. Metl- 
ing. New York, Mar. 31-Apr. 3, 1959, Preprint 
48S. 15 pp. Discussior of a number of ground- 
based pneumatic service units. 

Testing Aircraft Hydraulics; 
P.R.s Test Rig. Shorts 
1959, pp. 6-8. 


Shorts Canberra 
Quart. Rev., Aug. 
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Reservoir is Key to New Missile Test. J. S. 
Worrell. E Dec., 1959, pp. 63-65. 
Abridged. Description of a reservoir-level check- 
ing system to determine overall hyd1aulic sys- 
tem performance. 


Fuels & Lubricants 


Aviation Fuel Problems at High Altitudes and 
High Aircraft Speeds. E. W. Goodger. Co 
of Aeronautics, Cranfield, Rep. 119, Jan., 1959. 
33 pp. 33 refs. Review of data concerning fuel 
problems and correlation of these data in a form 
suitable both for general information and for 
project design reference. 

Can we Define Aircraft Turbine Fuel Clean- 
liness Requirements? G. T._ Coker, oy 
Heiple, and R. G. Davies. SAE Nail. Aero. 
Meeting, New York, Mar. 31-Apr. 3, 1959, 
Preprint 47T. 18 pp. Discussion of the 
problems in setting up criteria for fuel cleanliness. 

Orenda Engine Experience with Service Fuels. 
A. L. Sutton. SAE Natl. Aero. Meeting, New 
York, Mar. 31-Apr. 3, 1959, Preprint 47S. 
18 pp. Presentation of operation and test re- 
sults showing the need for a reliable method to 
indicate accurately and rapidly fuel contamina- 
tion levels on the order of one to five milligrams 
per gallon. 

High Performance Hydrocarbon Fuels for 
Supersonic Propulsion. M. E. Conn and W. G. 
Dukek. SAE Nail. Aero. Meeting, New York, 
Mar. 31-Apr. 3, 1959, Preprint 55S. 26 pp. 
16 refs. Discussion of hydrocarbon fuels con- 
cluding that such fuels can be produced in sub- 
stantial volume at reasonable cost from petroleum 
streams by hydrogenating aromatic concentrates 
or processing certain cuts from selected crudes. 
These fuels are rich in polycyclic naphthenes and 
thermally stable, comparable in most respects 
to synthetic hydrocarbons prepared by expensive 
chemical syntheses. 

Military Specifications for Ball-Bearing Lubri- 
cants. Henry Villaume. Elec. Mfg., Dec., 
1959, pp. 128-130. 

High-Temperature Friction and Wear Prop- 
erties of Bonded Solid Lubricant Films Con- 
taining Lead Monoxide. . Johnson and 
H. E. Sliney. Lubrication Eng., Dec., 1959, 
pp. 487-491, 496. 

Thermal Conductivity of Lubricating Oils and 
Hydraulic Fiuids. D. W. McCready. USAF 

ADC TR 59-185, July, 1959. 31 pp. 12 
refs. 

Pyrophorics for Aircraft Propulsion; Their 
Promise and Problems. W. C. Hardin and F. J. 
Verkamp. SAE Nail. Aero. Meeting, New York, 
Mar. 31-Apr. 3, 1959, Preprint 55R. 11 pp. 
Discussion of possible applications of trimethyl 
alumina (TMA), triethyl aluminum (TEA), 
and triethyl boron (TEB). The performance 
advantages obtainable from these fuels are 
demonstrated in a special purpose ram-jet. 
With these fuels, engine size and weight can be 
materially reduced below that of a comparable 
hydrocarbon fueled engine. 

Missiles and Metals. Il. INCO Corrosion 
Reporter, Oct., 1959. 10 pp. Discussion cover- 
ing certain properties of missile propellants 
considering the specific impulse and including 
fluorine, materials for handling fluorine, fuming 
nitric acid, hydrogen peroxide, boron propellants, 
and boric oxide deposits. 


Liquid Rocket Propellants. R. Sandri. Can. 
Aero. J., Dec., 1959, pp. 409-412. Discussion of 
the general characteristics of rocket propellants, 
and survey of propellants frequently used at 
present and those which show promise for the 
future. 


Analytical Comparison of Hydrazine with 
Primary Propellants as the Turbine Drive Fluid 
for Hydrogen-Fluorine and Hydrogen-Oxygen 
Altitude Stage Rockets. Appendix A, B— 
Calculation of First-Stage Stator Blade Height. 
W. T. Wintucky. U.S., NASA TN D-78, 
Oct., 1959. 26 pp. Study of the effect of two 
turbine drive systems on the payload of two 
altitude rocket stages of approximately 20,000 
Ibs. thrust. A range of rocket velocity incre- 
ments for both vertical and horizontal flight is 
covered. 


Test Tube Triumph. E. A. Herron. Sky- 
line, Summer, 1959, pp. 42-47. Discussion of a 
research program designed to develop the potenti- 
alities of hydrazine as a propellant. 


Ice Formation & Prevention 


The Design and Operation of a Facility for 
Testing Aircraft Engine Anti-Icing Systems. 
C. J. Litscher and R. M. George. GM Eng. 
J., Oct.-Dec., 1959, pp. 2-7. 


Anti-Icing for a Turboprop Transport. B. L. 
Messinger and J. B. Werner. Swpace/ Aeronautics, 
Dec., 1959, pp. 81, 82, 84-97 (ff.). Abridged. 
Design characteristics of the Lockheed Electra 
ice protection system using air from the engine 
compressor. 


Anti-Icing for the Gas Turbine Helicopter 
E e—The Development of a System for the 
T53. T.A. Dickey, O. Dumler, and J. R. Untied. 
SAE Natl. Aero. Meeting, New York, Mar. 
31-Apr. 3, 1959, Preprint49S. 28pp. 
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Instruments 


Instruments Prove Out Safety of Aircraft 
Pilot Ejection. J. K. Stotz, Jr. ISA J., Dec., 
1959, pp. 54-57. Discussion of instrumentation 
and check-out equipment of automatic ejection 
systems. This includes anthropomosphic dummy 
instrumentation, aircraft instrumentation, and 
ground instrumentation. 


Accelerometers 


Primer on Piezoelectric Accelerometers. W. 
D. Hancock. Environmental Quart., Oct., 1959, 
pp. 38-40, 52. Included are such aspects as 
nonvibration environment, mounting accelerom- 
eters, shock measurement, and basic sensitivity 
measurement. 


Flight Instruments 


3-D Realism for Flight Instruments. B. M. 
Lewis. Bus./Coml. Av., ec., 1959, pp. 
44, 45. Description of two new gyro horizon 
indicators providing a more realistic picture of 
attitude. 


Flow Measuring Devices 


Vacuum-Type Gas-Flow Calibrator. 
Strauss and Rudolph Edse. Rev. Sci. Instr., 
Apr., 1959, pp. 258, 259. USAF-supported 
description of a vacuum-type gas-flow calibrator 
for making accurate calibrations of flowmeters 
needed for the investigation of high-pressure 
flames. 

A New Flowmeter for Pulsating Gas Flow. 
Takashi Isobe and Hiroo Hattori. ISA J., 
Dec., 1959, pp. 38-43. Discussion of the develop- 
ment of a differential pressure meter which 
accurately measures the flow of pulsating gas 
streams. It can be applied to flow control and 
regarded as a first-order lag system whose time 
constant may be varied according to the period of 
pulsation. 

Improvement of a Pressure Pickup for the 
Measurements of Turbulence Characteristics. 
Y. Kobashi, N. Kono, and T. Nishi. J. Aero/ 
Space Sci., Feb., 1960, pp. 149-151. 


The Pitot and Static Tubes—Condensed 
Sources of General Fundamentals and Applica- 
tions. J. W. Stuart, Jr. J. Aero/Space Sci., 
Feb., 1960, pp. 136,137. 11 refs. 


Relaxation Effects on the Interpretation of 
Impact-Probe Measurements. F. Van 
Tassell and E. E. Covert. J. Aero/Space Sci., 
Feb., 1960, pp. 147, 148. Discussion of physical 
principles behind the error in impact-probe 
measurements and presentation of preliminary 
expeziments to aid in their interpretation. By 
comparing equilibrium measurements and ‘‘fro- 
zen’’ measurements, the departure from equi- 
librium can be established. This departure is 
related to relaxation of the internal degrees of 
— in the molecules comprising the flow 
eld. 


Pressure Sensing Probes for Detecting Shock 
Waves. B. Amster and R. L. Beauregard. 
Rev. Sci. Instr., Oct., 1959, p. 942. Brief de- 
scription of aninstrument to measure the attenua- 
tion of shock velocity in propellants and inert 
materials such as Lucite. 


Standardizing Fuel Flow Rates. Tech. News 
Bul, Nov., 1959, pp. 204, 205. Discussion of 
calibration equipment used to determine liquid 
flow rates for fuel systems. 


W. A. 


Pressure Measuring Devices 


Hydraulic Oscillator for the Dynamic Calibra- 
tion of Pressure Recording Systems. A. ; 
Melville. J. Sci. Imnstr., Oct., 1959, pp. 422- 
424. Description of an instrument designed to 
provide a constant-amplitude variable-frequency 
pressure cycle in a liquid, suitable for the deter- 
mination of the frequency response of precision 
pressure transducers of low-volume displace- 
ment. 


Recording Equipment 


Fading Rate Recorder for Propagation Re- 
search. J. W. Koch, W. B. Harding, and R. J. 
Jansen. Electronics, Dec. 18, 1959, pp. 78-80. 
Description of an instrument which provides 
strip-chart recordings of fading rates from almost 
zero cps to 300 eps. 


Une Méthode a’Enregistrement, de Lecture 
et d’Analyse de Signaux Electriques sur Disque 
Magnétique. R. Valid and P. Mathon. La 
Recherche Aéronautique, Sept.-Oct., 1959, pp. 
47-51. In French. Description of a method for 
the recording, read-out, and interpretation of 
electric signals on a magnetic record. The 
performance and the use of the system is described 
along with its limitations and advantages. 


Stress & Strain Measuring Devices 


A Multipoint Digital Strain-Gauge Recorder. 
J. R. Sturgeon. Soc. Instr. Tech. Trans., Dec., 
1959, pp. 213-220. Description of an instru- 
ment in which a selector switch, coupled to a 
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recorder, enables a set of 216 readings to be taken 
in less than two minutes. The selector switch is 
designed to reduce errors due to conductor 
resistance and mains interference at harmonics 
of the mains frequency. 

Design for an Autographically Recording 
Tensile Machine. . A. Adams. Sct. 
Instr., Oct., 1959, pp. 444-446. Description of a 
machine combining compactness and mechanica 
simplicity with maximum accessiblity of the load 
measuring device and specimen. The load is 
measured with an electromechanical dynamom- 
eter which is easily adapted into a system for 
autographically recording the load-elongation 
curve. 


Temperature Measuring Devices 


Recording Optical Pyrometer. N. A. Blum, 
Rev. Sci. Instr., Apr., 1959, pp. 251-253. USAF- 
sponsored description of a recording pyrometer 
which measures the brightness temperature at 
0.654 of a small incandescent sample in the 
range of 1,300° to above 3,000°C., 


Machine Elements 


Bearings 

Study of Gas-Lubricatea, Hydrodynamic. 
Full Journal Bearings. S. Whitley and C. Betts, 
Brii. J. Appl. Phys., Oct., 1959, pp. 455-463. 
10 refs. Investigation of the load-carrying 
capacity and half-speed whirl characteristics of 
journal bearings. The gases used as lubricants 
are mainly hydrogen, nitrogen, and neon giving 
a large viscosity variation. The parameters 
investigated are bearing length, diameter, 
clearance, rotational velocity, ambient pressure, 
and the gas viscosity and ratio of specific heats. 


Fricti 


Research Program on High Vacuum Friction. 
Litton Industries Space Res. Labs., Final Rep. 
— TR 59-97), Mar. 30, 1959. 148 pp. 

refs. 


Rotating Dises & Shafts 


Stresses in an Ellipsoidal Rotor in a Centrifugal 
Force Field. M Goldberg and Michael 
Sadowsky (ASME Annual Meeting, Ailantic 
City, Nov. 29-Dec. 4, 1959, Paper 59-A-4.) 
ASME Trans., Ser. E - AM, Dec., 1959, pp. 
549-552. Presentation of an exact solution 
for the stress distribution in an elastic ellipsoid 
rotating about a free axis. 

Vibrations in Rotating Systems. D. C. 
Philbrick, M. Rashevsky, and P. J. Hawkshaw. 
Westinghouse Engr., Nov., 1959, pp. 178-181. 
Discussion of computer techniques for simulating 
rotating systems to permit design changes in a 
system that render it insensitive to known excita- 
tion sources. 


Seals 


Seals, the Vulnerable Giants. C. E. Hamlin. 
SAE Natl. Aero. Meeting, New York, Mar. 
31-Apr. 3, 1959, Preprint 50S. 8 pp. Pres 
entation of results from a study of seals showing 
that the sealing ability of the elastomeric O- 
rings is enhanced by the judicious choice of back- 
up ring configuration and groove design. Metallic 
seals appear to have the greatest potential for 
the sealing of pressures in extreme temperature 
environments. In areas subjected to nuclear 
radiation, metal seals may be a necessity. In- 
vestigations on metallic seals are needed to deter- 
mine optimum material combination, surface 
finishes, and relative hardness of rubbing surfaces. 


High Temperature Sealing Studies of Missile 
Hydraulic Components. A. B. Billet. SAE 
Natl. Aero. Meeting, New York, far. 31-Apr. 
3, 1959, Preprint 50T. 10 pp. Discussion of 
static and shaft seal development, considering 
fluid compatibility. Hot gas servo systems are 
also discussed along with other high-temperature 
units. 


Designing for Use of Viton ‘‘O’’ Rings at 
Elevated Temperatures. F. H. Pollard. SAE 

atl, Aero. Meeting, New York, Mar. 31- 
Apr. 3, 1959, Preprint50R. Q9pp. Presentation 
of design criteria and thermal capabilities of 
model O-rings. 


Maintenance 


‘(Power Profile’? Helps Trace Causes of 
Engine Malfunctions. Bus./Coml. Av., Dec., 
1959, pp. 42, 43. Presentation of a method for 
jocating the source of low engine power readings. 

How to Apply Human Bagiqocsing Principles 
to Maintainability Design of Weapon Systems. 
G. F. Rabideau. SAE Nail. Aero. 

New York, Mar. 31-Apr. 3, 1959, 
51R. Opp. 


Meeting, 
Preprint 


Materials 


A Review of the Air Force Materials Research 
and Development Program. H. H. Maxwell. 
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Hama Can you use honeycomb in your business? 


p. Pres- 
showing 


meric O- | New fabrication and manufacturing techniques developed by Rohr show great Perhaps you can put this dramatic new 
* Metallic promise of a cost breakthrough for brazed stainless steel honeycomb sandwich 


brochure, explaining the characteristics of 
ig >" This incredible material, widely used in the aerospace industry, is earmarked 

Mite designers. Manager, Brazed Stainless Steel Products, 
onsidering 


etal material to work in your business. A new 

sends structures, There are countless possible applications throughout industry . . . perhaps 

pens honeycomb paneling in detail, is available 
peers 2 2 aii upon request. Write Mr. B. R. Alsobrook, 

for far broader applications as its unique characteristics become better known to 

31-Apr, Rohr Aircraft Corp., P.O. Box 878, Chula 

caschaan The “sandwich of steel” is able to withstand great temperatures for prolonged Vista, Californi 

er panigey* periods — six times that of aluminum, for example. It can cope with sonic and naam 

mperature acoustical environments impossible for conventional structures. 


Bee tT Brazed honeycomb sandwich panels offer outstanding insulation qualities, and their 
Mar. ’ Structural characteristics are extremely attractive when the problem is to increase 


esentation 


eee a strength while substantially reducing weight. 


Rohr, a pioneer in the development of brazed honeycomb, has evolved new methods 
which permit the fabrication of these structures in virtually any size, quantity or 
causes, s configuration, including flat, wedge, curved, and compound curved panels. ; , 
cas For less demanding applications, principally where the problem is one of strength/ 
Principles | Weight ratio, Rohr honeycomb panels can be fabricated more economically from ROHR 
2 Syecting, | Other materials and bonded adhesively rather than by brazing. 
, Preprint : AIRCRAFT CORPORATION 


Is Resear 3 World's largest producer of components for flight ¢ Main plant and headquarters: Chula Vista, Calif. e Plant: Riverside, Calif. ¢ Assembly plants: Winder, Ga., Auburn, Wash. 
i ax . 
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USAF WADC TR 53-373, Suppl. 
1959. 


VI, Nov., 
163 pp. Presentation of 212 abstracts of 
WADC reports on materials. 


Ceramics & Ceramals 


Factors Controlling Resistance to Deformation 
and Mechanical Failure in Polycrystalline (Glass- 
Free) Ceramics. Appendix—Effect of Sus- 
peocen Position on Apparent Values of Internal 

riction Determined by Forster’s Method. J. 


B. Wachtman, Ir., W. E. Tefit, D. G. Lam, 
Jr., and R. P. Stinchfield. USAF WADC TR 
59-278, May,1959. 8lpp. 35refs. 


Fabrication of Infrared Transmitting Materials 
by Hot Pressing Techniques. N. J. Kreidl, 
H. C. Hafner, J. R. Hensler, E. C. Letter, and 
D. A. Buckner. USAF WADC TR 58-275, 
Pt. II, Oct., 1959. 123 pp. 


Conditionnement des Parois Catalytiques d’O- 


xydation. .  Ternisien. (A 2n 
Internatl. Congr., Paris, June, 1959.) Fusées, 
Aug., 1959, pp. 74-84. 17 refs. In French. 


Description of a technique for producing an 
active surface, and discussion of its application to 
cases requiring the catalytic oxidation effect. 


Corrosion & Protective Coatings 


Corrosion-Resistance of Magnesium Alloys 
’Prepared Without the Use of Fluxes. E. G. 
Savage. Gt. Brit., RAE TN Met. 308, Apr., 
1959. 8pp. 


Investigation of Aluminum Phosphate Coatings 
for Thermal Insulation of Airframes. : i 
Eubanks and D. G. Moore. U.S., NASA TN 
D-106, Nov., 1959. 28 pp. llrefs. Investiga- 
tion of coatings prepared by mixing inert ceramic 
fillers with an aqueous solution of monoaluminum 
phosphate and applied at thicknesses from 0.002 
to 0.20 in. to various metals and alloys by spray- 
ing, brushing. or dipping. The heavier applica- 
tions were reinforced with expanded SAE 1020 
carbon steel spot-welded to the base metal. 


Evaluation of Protective Coatings for Molyb- 
denum Nozzle Guide Vanes. J. R. Giancola. 
USAF WADC TN 58-241 [AD _ 215442), 
June, 1959. 45 pp. 

Development of a Method to Accomplish 
Aluminum Deposition by Gas Plating. Couns 
Hiler and W. C. Jenkin. USAF WADC TR 
59-88 [A D 214887], June, 1959. 63 pp. 


Effects of Molten Boron Oxide on High Tem- 
perature Materials. C. R. Andrews. USAF 
WADC TR 58-443, Sept.,1959. 143 pp. 11 refs. 


High Temperature 


Research on High-Strength, Extreme-Tem- 
perature Structures. A. R. Lytle. SAE Nail. 
Aero. Meeting, New York, Mar. 31—Apr. 3, 1959, 
Preprint 56R. 12 pp. Discussion of the 
improvement of mechanical properties and 
Processing techniques of refractory metals. 
including the development in inorganic polymers 
and composite structures. 


Ablation Materials. M. A. Schwartz, W. 
Bandaruk, and G. J. Mills. SAE J., Dec., 
1959, pp. 52-54. Abridged. Comparison of 
test results for various materials of the following 
type: materials that vaporize without a liquid 
phase, such as graphite or plastics; materials 
that vaporize from the liquid phase, such as 
ceramic oxides or metals; and composites, such 
as ceramic oxide reinforced plastics. 


Re-Entry Ablation of Reinforced Plastics. 
G-E MSVD PIB-15, Aug., 1959. 43 pp. 36 
refs. Compilation of five previously published 
Papers on the properties and behavior of rein- 
forced plastics at very high temperatures. 
Includes a paper on the theory of melting ablation 
in a laminar hypersonic boundary layer. 


Stumbling Blocks for Mach 3 Transports. 
M. G. Childers. SAE J., Dec., 1959, pp. 
66-68. Abridged. Comparison of various metals 
for use in the 400°-800°F. temperature range. 
Stainless steels and titanium appear to be the 
most promising, but beryllium might also be 
considered if some of its undesirable properties 
are suppressed. 


Materials-Property-Design Criteria for Metals. 
VilI—The Creep Behavior of Selected Materials 
in the Range up to 1 per cent Net Creep Strain 
and 1000 Hours. R. J. Favor, W. P. Achbach, 
and H. J. Grover. USAF WADC TR 55-150, 
Pt. VIII, Sept., 1959. 28pp. 10 refs. 

Spectral Emittance of Ceramic-Coated and 
Uncoated Specimens on Inconel and Stainless 
Steel. J. C. Richmond and J. E. Stewart. 
(Am. Ceram. Soc. 59th Annual Meeting, Dallas, 
May 8, 1957.) Am. Ceram. Soc. J., Dec., 1959, 
pp. 633-640. 13 refs. Presentation of data for 
use in heat-transfer computations. 


Metals & Alloys — 
Missiles and Metals. I. INCO Corrosion 
Reporter, July, 1959. 15 pp. Discussion of 


strength properties of various metals encountered 
in missile design. 

Application of Morse Potential Function to 
Cubic Metals. L. A. Girifalco and V. G. Weizer. 
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U.S., NASA TR R-5, 1959. 
Supt. of Doc., Wash., $0.30. 

Studies on Thermal Motion in Crystals (15 
Dec., 1956-15 Dec., 1958). J. L. Amords. 
U. Madrid Dept. Cryst. Final TR (AFOSR TR 
59-47) [AD 215061), 1958. 70 pp. 49 refs. 
Survey of thermal continuous diffuse scattering 
in chain crystals and presentation of a scheme for 
the dynamics of such molecular crystals. The 
atomic vibrations in such cyrstals are studied, 
and some relations between thermal expansion, 
polymorphism, and thermal diffuse scattering 
are developed. 

Basic Research in Fatigue of Metals. T. J. 
Dolan. ASTM Bul., Sept., 1959, pp. 24-27. 
10 refs. Discussion of present knowledge of 
material fatigue and suggestions of areas for 
future research. 

Cyclic Stressing Frequency Effect on Fatigue 
Strength. W. J. Harris. Aircraft Eng., Dec., 
1959, pp. 352-357. 10 refs. Study of the 
kinetics of corrosion fatigue and fatigue under 
normal ambient conditions where complete 
corrosion protection has been afforded, leading 
to a method whereby the true frequency effect 
can be separated from the net effect of corrosion 
and frequency as measured by ambient fatigue 
strength values. 


An Investigation of Nonpropagating Fatigue 


14 pp. 19 refs. 


Cracks. A. J. McEvily, Jr., and Walter Illg. 
U.S., NASA TN D-208, Dec., 1959. 29 pp. 
19 refs. Study considering the stresses existing 


at the tip of a fatigue crack in order to account for 
nonpropagating fatigue cracks. It is concluded 
that such cracks may form under constant- 
amplitude cyclic loading if the crack closes 
during compression or if the effective radius of 
the crack is larger than that of the initial notch. 
Experimental results obtained on steel and alu- 
minum alloys compare favorably with theoretical 
predictions. 


A Study of the Damage Caused by Torsional 
Fatigue in an Aluminium Alloy. Appendix— 
An Interpretation of the Electro-Polishing Effects 
Observed at Slip Bands and Grain Boundaries 
in Aluminium 7.5% Zinc 2.5% Magnesium Alloy. 
P. J. E. Forsyth. Git. Brit., RAE TN Met. 
310, Apr., 1959. 19 pp. 14 refs. Investiga- 
tion showing that the damage takes the form of 
structural changes at slips bands and can be 
divided into two separate phenomena. The 
first is a change in the electro-polishing and 
etching characteristics of the slip band traces, 
and the second is the formation of remarkably 
evenly spaced voids or pits. 

The Effect of Vapour Blasting and _ Barrel 
ee on the Fatigue Strength of DTD. 546 
and DTD. 687 Clad Aluminium Alloy Sheets. 
N. J. F. Gunn. Gt. Brit., RAE TN Met. 296, 
Aug., 1958. 17 pp. 

Some Thin Foil Observations on the Fatigue 
Process in Pure Aluminium. R. Wilson and 
P. J. E. Forsyth. Gt. Bril., RAE TN Met. 
311, June, 1959. 12pp 

Fetigue and Dynamic Creep Properties of 13 
Cr Steel at Elevated Temperature Under Com- 
bined Stresses of Static Tension and Alternating 
Bending. Shiji Taira, Ryoichi Koterazawa, 
and Mutsuo Inove. JSME Bul., Nov., 1959, 
pp. 508-513. 

Modifications de Structure Cristalline Produites 
par Fatigue Entre 20 et 750°C sur un Acier Extra 
Doux au Carbone et sur un Acier Austenitique 
18/8. J. de Fouquet. J. Mech. & Phys. Solids, 
Oct., 1959, pp. 264-271. In French. Study of 
the modifications in crystalline structure pro- 
duced by fatigue between 20° and 750°C. in extra 
mild carbon steel and 18/8 austenitic steel. 

Effects of Temperature on A-C Magnetic 
Properties of Nickel-Iron Alloys. J. J. Clark and 
fis” Fritz. Elec. Mfg., Dec., 1959, pp. 152- 
157. 


Development of Low Alloy Steel Compositions 
Suitable for High Strength Steel Castings. 


R. Larson, R. C. Campbell, and H. W. Lloyd. 
USAF WADC TR 59-63, June, 1959. 112 
pp. 


High-Stress, Low-Cycle Fatigue Properties of 
Notched Alloy Steel Specimens. S. Yukawa and 

G. McMullin. ASTM Bul., Oct., 1959, 
pp. 38-40. Results of tests on specimens sub- 
jected to tension-only (zero stress ratio) fatigue 
loading at nominal stresses of 50 per cent or 
more of their static strength. For all three 
types of specimens, 10 load applications at 
about 50 per cent of static strength caused 
failure. 

Creep-Rupture Strength of Austenitic Cr- 
Ni-Mo Steels in Sheet and Bar Form. G. V. 
Smith, F. Garofalo, R. W. Whitmore, and R. R. 
Burt. (ASME Annual Meeting, N 
Nov. 30-Dec. 5, 1958, Paper 58-A-102.) 
+ Ser. D - BE, Dec., 1959, pp. 610-616. 
12 refs. 


Effect of Prior Creep on Short-Time Me- 
chanical Properties of 17-7PH Stainless Steel 
(RH 950 Condition Compared to TH 1050 
Condition). J. V. Gluck and J. W. Freeman. 
USAF WADC TR 59-339, Oct., 1959. 82 pp. 


The Machining of Ultra Strength Alloys. John 
Maranchik, Jr., J. V. Gould, and P. R. Arzt. 
SAE Natl. Aero. Meeting, New York, Mar. 
31-Apr. 3, 1959, Preprint 43R. 40 pp. Pres- 
entation of machinability data for four types of 
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steels: martensitic low-alloy steels, AISI 4340: 
hot-work die steels, Vasco Jet 1,000; precipita. 
tion hardening stainless steels, AW-350; and 
austenitic stainless steels, A-286. 

Correletion of High Temperature Cree 
Rupture Data. Hans Conrad. (ASME y A 
Meeting, New York, Nov. 30-Dec. 5, 1958, Paper 
58-A-96.) ASME Trans., Ser. D - BE, Dec. 
1959, pp. 617-626; Discussion, pp. 626-628) 
55 refs. Proposal of an equation in better agree- 
ment with the experimental and _ theoretical 
information available. The rupture data for 
several superalloys and an aluminum alloy are 
correlated by means of the proposed equation 


Comparison of Parameter Methods for Extrap- 


olating High-Temperature Data. R. M. Gold- 
hoff. (ASME Annual Meeting, New York, 
Nov. 30-Dec. 5, 1958, Paper 58-A-121.) ASME 
Trans., Ser. D - BE, Dec., 1959, pp. 629-644. 


Comparison, on a statistical basis, of three pa- 
rameter methods for their ability to reproduce the 
isothermal data on which they are based and, in 
particular, the longest time data currently 
available and usable for this purpose. 

Tensile Properties of Aircraft-Structural Metals 
at Various Rates of Sir g After Rapid Heating, 

J. R. Kattus.s USAF WA 


4 DC TR 58-440, 
Pt. II [AD 213834], May, 1959. 161 pp. 25 
refs. Survey of test results concluding that 


increasing strain rate produced increased strength 
in the test metals, the percentage increases in 
strength being relatively small in the temperature 
ranges of low-temperature behavior and quite 
large in the temperature ranges of high-tempera- 
ture behavior. An evaluation of time-tempera- 
ture and rate-temperature dependent parameters 
indicated that the short-time tensile properties 
cannot be expressed with a high degree of accuracy 
as invariant functions of such parameters. 


Metals & Alloys, Nonferrous 


Effects of Creep Stress on Particulate 
Aluminum-Copper Alloys. E. E. Underwood and 
G. K. Manning. U.S., NASA TN _ D-109, 
Sept., 1959. 62 pp. 31 refs. Study of the 
particle dissolution, grain growth, and precipita- 
tion under creep conditions in overaged alloys of 
aluminum with 1, 2, 3, and 4 per cent copper. 

Ion Exchange and Other Chemical Methods for 
Beryllium Base Alloys. Silve Kallmann, Robert 
Liu, and Hans Oberthin. USAF WADC TR 
59-325, Sept., 1959. 34 pp. 


The Rate of Fatigue-Crack Propagation for 
Two Aluminum Alloys Under Completely Re- 
versed Loading. Walter Illg and A. J. McEvily, 
Jr. U.S., NASA TN D-52, Oct., 1959. 19 pp. 
Description of a series of tests on two aluminum 
alloy sheet specimens conducted under completely 
reversed loading at various stress levels up to 30 
ksi. Differences between effects of the compres- 
sion and tension parts of the cycles are discussed; 
semiempirical equations permitting the calcula- 
tion of crack growth are developed; and the 
results are compared with those from similar 
tests made at a minimum stress of 1 ksi. In both 
types of loading, the governing parameter is 
found to be related to the local stress at the 
crack tip. 

Rotating-Beam Fatigue Tests of Notched and 
Unnotched 7075-T6 Aluminum-Alloy Specimens 
Under Stresses of Constant and Varying Ampli- 


tudes. H. F. Hardrath, E. C. Utley, and D. E. 
Guthrie. U.S., NASA TN D-210, Dec., 1959. 
4 pp. 


Axial-Load Fatigue Tests of 2024-T3 and 7075- 
T6 Aluminum-Alloy Sheet Specimens Under 
Constant- and Variable-Amplitude Loads. E. C. 
Naumann, H. F. Hardrath, and D. E. Guthrie. 
“Peal NASA TN D-212, Dec., 1959. 37 pp 
10 refs. 


Compressive and Tensile Creep of 7075-16 
and 2024-T3 Aluminum-Alloy Sheet. G. J. 
Heimerl and John Farquhar. U.S., NASA 
TN D-160, Dec., 1959. 40 pp. 13 refs. Presenta- 
tion of results obtained on aluminum-alloy 
sheets tested at 300°, 375°, 450°, and 600°F. 
Various comparisons show that compressive and 
tensile creep are about the same for both materials 
in the primary and secondary creep regions 
except for 2024-T3 aluminum-alloy sheet at 
300° and 375°F. where the compressive creep 
was less. At 300°F. the compressive creep was 
markedly less than tensile creep. 

The Effect of Quenched-In Vacancies on the 
Elastic Modulus of Aluminum. R. C. Folweiler 
and F. R. Brotzen. Acta Metallurgica, Nov., 
1959, pp. 716-721. Investigation showing that 
the presence of lattice vacancies reduces the 
elastic modulus. The change in modulus was 
studied during annealing at room temperature 
subsequent to quenching. The time relation of 
vacancy concentration observed was analogous 
to that determined by electrical resistivity 
measurements. 


Magnesium in Aeronautics and Nucleaf 
Engineering. III—Applications of Magnesium. 
E. F. Emley. Light Metals, Dec., 1959. pp 283- 


286. Discussion of the range of application in the 
cast, forged, extruded, and rolled condition. 


a 
A 
The Effect of Alternating Stresses at Elevated 
Temperatures on Structural Changes in Nimonic 
90. Jj. E. Northwood, R. S. Smith, and N, 
ae Stephenson. Gt. Brit., NGTE Memo. M. 325, ag 
: July, 1959. 47 pp. 24 refs. 
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For heavy-duty, shock-load service in ground support 
equipment, Shafer Industrial-Type Bearings provide a 

unique combination of outstanding advantages. 

Designed to deliver high load-carrying capacity of a roller 
but with the low rolling friction of a ball, Shafer Bearings 
carry high, continuous radial and thrust loads... 

shock and impact loads. Integral self-alignment compensates 
for shaft deflections totaling 3° ... maintaining full load 
capacity. Exclusive ‘“Z” seal is a true self-aligning, non- 
rotating seal that gives positive sealing under all conditions, 


Call on Shafer’s specialized bearing experience and see 
how much smoother your ground support equipment 
can be designed and phased into production. 
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Titanium Provides Notch-Ductile Rocket 
Cases. A. N. Eshman. Space/Aeronautics, 
Dec., 1959, pp. 73, 74, 76, 78. Comparison of 
three alloys with high-strength steels for use in 
rocket cases, and description of five methods of 
fabrication. 

Research on Strain Aging Effects in Titanium. 
H. S. Gurev and W. M. Baldwin, Jr. USAF 
WADC TR 59-223, Sept., 1959. 60 pp. 54 refs. 
Investigation of the effects of varying interstitial 
element content (oxygen, carbon, and nitrogen) 
on the tensile properties of alpha-beta titanium 
alloy, Ti-140A, at test temperatures ranging 
from room temperature to above 1,000°F. 


Nonmetallic Materials 


The Effects of Simulated Space Environments 
on Cushioning Materials. D. N. Keast and J. J. 
Baruch. USAF WADC TR 58-667, Sept., 1959. 
98 pp. Measurement of some properties of 
several types of cushioning materials at different 
temperatures and pressures. Static and dynamic 
stress-strain curves and vibration transmissibility 
characteristics are obtained for glass fiber, latex 
bound hair, polyurethane foam, silicone rubber 
foam, and crushable paper honeycomb materials. 

Damping Adhesives Solve Missile Vibration 
Problems. B. J. Lazan and J. E. Ruzicka. 
SAE J., Dec., 1959, pp. 69-71. Abridged. 


How Storage Conditions of Glass Fabric 
Affects Strength of Reinforced Laminates. % 
Heebink and Gordon Stevens. SPE J., Jan., 
1960, pp. 39-43, 45. 


The Dynamic Mechanical Properties of Epoxy 
ins. D. H. Kaelble. SPE J., Dec., 1959, pp. 
1071-1077. Description to tests made to deter- 
mine the dynamic properties of thermoset 
epoxy resins in the glassy state and through the 
glassy transition region. The experimental 
procedure and equipment are described, and the 
results are compared. 


Epoxy Resins for the Encapsulation of 
Electronic Components. A. E. Ringwood. E 
J., Jan., 1960, pp. 93-100. Presentation of 
design information on materials for encapsulation 
and impregnation of electronic equipment which 
must operate over the range of —65° to 90°C. 


Properties of Silicone Rubber for High Tem- 
perature Static Seals. H. E. Todd and J. F. 
Miazga. SAE Natl. Aero. Meeting, New York, 
Mar. 31-Apr. 3, 1959, Preprint 50V. 32 pp. 


Testing Methods 


Apparatus for the Measurement of Internal 
Friction and Dynamic Young’s Modulus at 
Kilocycle Frequencies. E. W. Dickson and H. 
— J. Sci. Instr., Oct., 1959, pp. 425-428. 
12 refs. 


Statistical Evaluation of Data from Fatigue and 
Creep-Rupture Tests. I—Fundamental Con- 
cepts and General Methods. Waloddi Weibull. 
USAF WADC TR 59-400, Pt. I, Sept., 1959. 
73 pp. 19 refs. Classification of fatigue tests 
into three types considering the appropriate 
method of evaluating the data. Fundamental 
statistical concepts, general methods, and useful 
tools are presented. The possibilities of estimat- 
ing distribution parameters are examined. 


Technique Non Destructive pour la Détection 
de la Sensibilité a la Corrosion sous Tension des 
Alliages Aluminium-Magnésium. M. P. A. 
Jacquet. La Recherche Aéronautique, Sept.— 
Oct., 1959, pp. 25-33. In French. Application 
of the nondestructive method to electrochemical 
testing of aluminum-magnesium alloys in order 
to determine their susceptibility to intergranular 
corrosion under tension. 


An Experimental Study of the V-Notch Fatigue 
Test. D.S. Dugdale. J. Mech. & Phys. Solids, 
Oct., 1959, pp. 282-287. Description of rotating 
bending tests on sharply notched specimens of 
several materials. Logarithmic plotting shows 
S-N curves consisting of straight lines of a 
gradient common to all materials, suggesting a 
power law of crack propagation. When residual 
stress was introduced by preloading the specimens, 
results following a similar pattern were obtained. 

La Résistance Thermique des Joints. J. J. 
Bernard. (NATO AGARD 8th Structures & 
Materials Panel Meeting, Copenhagen, Oct. 20- 
25, 1958.) NATO AGARD Rep. 212, Oct., 1958. 
20 pp. In French. Description of apparatus 
constructed at ONERA for studying the thermal 
contact resistance between conductors or be- 
tween conductors and insulators, as well as the 
extent to which this varies as a result of the 
tightening pressure. 

Prediction of Impact Resistance from Tensile 

ata. R. vans, H. R. Nara, and E. G. 
Bobalek. SPE J., Jan., 1960, pp. 76-83. 25 
refs. Discussion of tensile tests determined at 
strain rates which correlate with impact resistance 
tests. 


Mathematics 
Differential Equations 
Integration Methods for Differential Equations. 
S. Schlesinger. J. Astron. Sci., Winter, 1959, 


pp. 53-57. Study of varicus methods for the 
numerical integration of differential equations 


with emphasis on second-order differential 
equations in which the first derivatives are absent. 


Non-Uniqueness in Cauchy’s Problem for 
Differential Equations of Elliptic Type. A. 
Plis. U. Chicago Dept. Math. TN 5 (AFOSR TN 
59-1034), Aug., 1959. 9 pp. 


Functions & Operators 


New Formulas for Computing Incomplete 
Elliptic Integrals of the First and Second Kind. 
A. R. DiDonato and A. V. Hershey. Assoc. 
Comp. Mach. J., Oct., 1959, pp. 515-526. Develop- 
ment of a method for computing two _ basic 
functions which have frequent application in 
applied mathematics. The calculation of elliptic 
integrals by the series expansions is compared 
with the calculation by the previously established 
Landen transformation used by Legendre. The 
computing program in the NORC subrutine is 
described. 

On Quadratic Programming. E. M. L. Beale. 
Nav. Res. Logistics et. Sept., 1959, pp. 227- 
243. OOR-sponsored description of a previously 
given algorithm for minimizing a convex quadratic 
function of variables subject to linear inequalities. 
Some extensions of the algorithm are indicated. 


Tables for Bivariate Osculatory Interpolation 
Over a Cartesian Grid. H. E. Salzer and G. M. 
Convair-Astronautics Paper, 1958. 

Pp. 


Groups 


Which Lie Groups Are Homotopy-Abelian? 
Ioan James and Emery Thomas. U. Calif. 
Dept. Math. TR 11 (AFOSR TN 59-982), 
Sept., 1959. 7 pp. 12 refs. 


Matrices 


Determinants and Matrices. A. D. Kraus and 
G. F. Ross. Elec. Mfg., Dec., 1959, pp. 133-148. 
Presentation of data providing basic tools for 
the broad concept of network and circuit study 
and analysis, as well as for engineering problems 
which can be derived from the electric circuit 
analogy. 

La Recherche des Valeurs Propres Dominantes 
et Subdominantes d’une Matrice Réelle ou 
Complexe. D. Clerc. La Recherche Aéronau- 
tique, Sept.-Oct., 1959, pp. 53-58. In French. 
Analysis showing that the method used in the 
case of matrices with real eigenvalues can be 
extended to cover the case of any given real or 
complex matrices. The applicability of the 
method to vibration problems is indicated. 


Numerical Analysis 


Derivation and Tabulation of Molecular 
Integrals. Appendix A—Method of Computation 
of Nuclear-Attraction Integrals. Appendix B— 
Method of Computation of Overlap Integrals. 
Appendix C—Elliptical-Coordinate Method of 
Computation of Overlap Integrals. R. C. Sahni 
and J. W. Cooley. U.S., NASA TN D-146, 
Dec., 1959. 39 pp. Presentation of integrals 
required for the computation of wave functions 
of atoms and diatomic molecules. Tabulated 
material for overlap, nuclear-attraction, kinetic- 
energy, potential-energy, Coulomb, hybrid, and 
exchange integrals is presented. 

Routh Test Function Methods for the Numeri- 
cal Solution of Polynomial Equations. C. Mack. 
Quart. J. Mech. & Appl. Math., Aug., 1959, 
pp. 365-378. 15 refs. Development of two 
iterative methods for the numerical solution 
of polynomial equations with real coefficients. 


Dual Fourier-Bessel Series. J. C. Cooke and 
C. J. Tranter. Quart. J. Mech. & Appl. Math., 
Aug., 1959, pp. 379-386. Presentation of a 
method for determining the coefficients a, in the 
‘dual’ Fourier-Bessel series. 


The Secant Method for Simultaneous Non- 
linear Equations. Philip Wolfe. Assoc. Comp. 
Mach. Commun., Dec., 1959, pp. 12, 13. 


Physical Applications 


Solution of Modified Linear Simultaneous 
Equations. W. J. Goodey. Aircraft Eng., Dec., 
1959, pp. 358, 359, 364. Solutions for a set of 
linear simultaneous equations, that have already 
been solved for one particular set of values of the 
coefficients, and must be solved again when some 
of the coefficients are altered. In the structural 
context the problem is to find the effect of 
altering the sizes of some of the members of a 
structure. 


On the Method of Elastic Solutions. I. I. 
Vorovich and Yu. P. Krasovskii. Sov. Phys. - 
Dokl., Dec., 1959, pp. 701-704. Translation. 
Application of the method of elastic solutions for 
the basic problems in the theory of small elasto- 
plastic deformations without any assumption 
on the smallness of the parameter entering into 
the problem. At the same time the existence of a 
generalized solution is established. 


Integration of the Boundary-Layer Equations. 
V. Ya. Shkadov. Sov. Phys. - Dokl., Dec., 1959, 
pp. 585-588. Translation. Presentation of a 
method for reducing the boundary-layer problem, 
which is described in terms of nonlinear partial 
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differential equations, to the solution of ordinary 
linear differential equations with boundary 
conditions. 


Extention of a Variational Theorem for Creep 
to Curvilinear Coordinates. Madeline Goulard. 
Purdue U. Sch. Aero. Eng. Reb. S-58-1, Aug., 
1958. 7 pp. Development of a _ variational 
theorem for creep similar to that established by 
Sanders, McComb, and Schlechte, but applicable 
to curved plates and shells. A similar theorem is 
formulated, using curvilinear coordinates and a 
more rigorous tension notation. 


_ On Some Fredholm Integral Equations Arising 
in Diffraction Theory. C. H. Yang. NYU Inst. 
Math. Sci. Div. Electromagn. Res., Res. Rep. 
BR-31 (AFOSR TN 59-944), Aug., 1959. 18 
PP. 


Multifunctional Circuits in Functional Canoni- 
cal Form. H. A. Curtis. Assoc. Comp. Mach. J., 
Oct., 1959, pp. 538-547. Extension of previously 
obtained results including the application of the 
fundamental functional canonical form to multiple 
output circuits and the formulation of cost 
bounds on these circuits, as well as the use of 
multifunctional canonical form in the design of 
single output circuits. 


The Bang Bang Servo Problem Treated by 
Variational Techniques. C. A. Desoer. Info. & 
Control, Dec., 1959, pp. 333-348. 13 refs. USAF- 
supported analysis considering the following 
problem: given a set of arbitrary initial condi- 
tions, determine the forcing function that leads to 
the equilibrium (origin of the phase space) in the 
shortest time. The problem is treated by 
variational techniques and establishes properties 
of the optimum forcing function. 


Bounds for the Eigenvalues of Some Vibrating 
Systems. Dallas Banks. Carnegie Inst. Tech. 
Dept. Math. TR 28 (AFOSR TN 59-508) [AD 
216273}, June, 1959. 53 pp. 14 refs. Analysis 
considering the nature of density functions for 
which the greatest lower bounds of the eigen- 
values are attained when other restrictions are 
placed on them. 


General Differential Formulae of the Complete 


Projective Relations Between Planes. BB. 
Hallert and L. Ottoson. KTH Trans. 140, 1959, 
15 pp. Derivation of formulas for arbitrary 


mutual positions of the two planes and for 
different arrangements of the axes of rotations 
and sequences of rotations. Applications are 
made to aerial and terrestrial photogrammetry, 

_ Numerical Integration of the Primitive Equa- 
tions on the Hemisphere. N. A. Phillips. Mo. 
Weather Rev., Sept., 1959, pp. 333-345. 17 refs. 


Probability, Statistics 


_A Note on Approximations to Discrete Proba- 
bility Distributions. ._T. Brown. Info. & 
Control, Dec., 1959, pp. 386-392. Presentation 
of an iterative method which gives an optimum 
approximation to the joint probability distribu- 
tion of a set of binary variables given the joint 
probability distributions of any subsets of the 
variables (any set of component distributions). 

A Functional Equation Technique for Obtaining 
Wiener Process Probabilities Associated with 
Theorems of Kolmogorov-Smirnov Type. J 
Kiefer. Cambridge Philos. Soc. Proc., Oct., 1959 
pp. 328-340. Navy-sponsored research. 

The Central Limit Theorem for a Convergent 
Non-Homogeneous Finite Markov Chain. J. L. 
Mott. Royal Soc. (Edinburgh) Proc., Sect. A, 
1958-1959, Pt. II, pp. 109-120. 


Variational Principle for Compatibility Equa- 


tions. H. Zorski. Acad. Pol. Sci. Bul., Tech. 
Sct. Ser., Nos. 7-8, 1959, pp. 445, 446. 
Topology 


The Shortest Path Through Many Points. 
Jullian Beardwood, J. H. Halton, and J. M. 
Hammersley. Cambridge Philos. Soc. Prot. 
Oct., 1959, pp. 299-327. 25 refs. Presentation 
of the proof that the length of the shortest 
closed path through x points in a bounded plane 
region of area 2 is ‘‘almost always’’ asymptotically 


proportional to (xv) for large and extension 
of this result to bounded Lebesgue sets in k 
dimensional Euclidean space. 

The Influence of Edges and Corners on 
Potential Functions of Surface Layers. Rolf 
Leis. NYU Inst. Math. Sci. Div. Electromagn. 
Res., Res. Rep. BR-29 (AFOSR TN 59-934), 
June, 1959. 21 pp. Discussion of the potential 
functions of multiple surface layers which 
behave singularly when approaching the boundary 
of the surface. The degree of the singularities of 
these functions and their derivatives are studied. 


Transforms 


Lectures on Applied Mathematics—The 
Laplace Transformation. F. D. Murnaghao. 
U.S., Navy Debt., David Taylor Model Basin, Rep. 
1346, June, 1959. 166 pp. Presentation of 19 
papers on the Laplace transformation and its 
application to linear ordinary differential equé- 
tions with variable coefficients, to linear parti 
differential equations with two independent 
variables and constant coefficients, and to the 
determination of asymptotic series. 


(Continued on page 103) 
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ACOUSTICS, SOUND, NOISE 


THEORETICAL INVESTIGATION OF THE 
SOUND FIELD PRODUCED DOWNSTREAM OF A 
CHOKED TWO-DIMENSIONAL CHANNEL DUE 
TO UNSTEADY UPSTREAM ENTROPY FLUCTU- 
ATIONS. J. P. Appleton and H. J. Davies. Gt. 
Brit., ARC CP 461, 1959. 10 pp. BIS, New York, 
$0.36. Study considering the two-dimensional 
flow of an ideal compressible fluid bounded by two 
rigid, nonconducting, parallel walls of infinite 
extent. A shock wave normal to the rigid bounda- 
ries divides the flow into subsonic and supersonic 
regimes. In the supersonic region, a normal 
static temperature variation, which is sectionally 
invariant but fluctuates periodically with time, 
when convected through the shock wave results in 
a perturbation of the flow in the subsonic region. 
By assuming that the magnitude of the fluctuations 
of the static temperature is small, an expression 
for the acoustic pressure fluctuation in the down- 
stream part of the gas is deduced. 


ON THE AERODYNAMIC NOISE OF A RIGID 
FLAT PLATE MOVING AT ZERO INCIDENCE, 
Alan Powell. ASA J., Dec., 1959, pp. 1649-1653. 
Discussion of the aerodynamic noise resulting 
from the subsonic flow over a flat plate. "Surface" 
noise due to fluctuating pressure is postulated to 
vanish by the image argument, except near the 
edges of the plate, where it is more appropriately 
called edge noise. The contribution from fluctuat- 
ing shear stresses is likely to be much smaller 
and has been, therefore, neglected. Quadrupole ra- 
diation takes place from the turbulence of the bound- 
arylayer, produc ing layer noise, andalso from the 
turbulent wake, producing wake noise. Together, 
the latter two are suggested to have a spectrum 
with a single peak, bounded by slopes like f* and 
f Their noise power depends on nearly the 
eighth power of the velocity - i.e., becomes of 
increasing importance with speed. Analytical de 
tails rest on similarity concepts; the spectra in 
Particular are subject to certain conditions. 


SUPERSONIC BOOM OF WING-BODY CON- 
FIGURATIONS. I, L. Ryhming and Y. A. Yoler. 


(33) 


March, 1960 


IAS 28th Annual Meeting, New York, Jan. 25-27, 
1960, Paper 60-20. Members, $0.50; nonmem- 


bers, $1.00. 23 pp. 10 refs. Analysis considering 
the supersonic boom occurring in steady, level flight 
due to the effects of body volume, wing volume, 
wing incidence or lift, and wing-body interference. 
The contribution in the far field of each of these 
factors can, in any given azimuthal plane, be rep- 
resented as that of an equivalent body of revolution, 
This concept is developed to investigate the possi- 
bilities of using interference among the components 
of a wing-body configuration to reduce or suppress 
the boom due to lift. Results of wind-tunnel ex- 
periments are also presented and discussed in the 
light of theoretical considerations. 


AERODYNAMICS, FLUID MECHANICS 


Aerothermochemistry, Dissociation, Ablation 


INVISCID FLOW WITH NON-EQUILIBRIUM 
MOLECULAR DISSOCIATION FOR PRESSURE 
DISTRIBUTIONS ENCOUNTERED IN HY PERSONIC 
FLIGHT. M. H. Bloom and M. H,. Steiger. IAS 
28th Annual Meeting, New York, Jan. 25-27, 1960, 
Paper 60-26. Members, $0.50; nonmembers, 
$1.00. 27 pp. 36 refs. Study of one-dimensional 
inviscid nonequilibrium flows of a two-component 
model gas with prescribed pressure variation and 
an average reaction-rate based on recent data for 
oxygen recombination. These flows are interpret- 
ed in relation to the flow along streamlines around 
blunt hypersonic bodies. Assuming equilibrium 
conditions in the subsonic region, it is estimated 
that the flow in the initial supersonic expansion 
region, which is approximately of Prandtl-Meyer 
character, will be chemically frozen with respect 
to the molecular dissociation of the primary com- 
ponents under the hypersonic, high-altitude flight 
conditions considered. The flight conditions con- 
sist of flight velocities between 15, 000 and 25, 000 
ft. per sec. at altitudes between 154, 000 and 
246, 000 ft. Furthermore, on bodies of small sur- 
face inclination beyond the nose, the flow will con- 
tinue to be effectively frozen for at least 20 ft. 
downstream of the nose. The problem of distin- 
guishing a dimensionless length-reaction-rate pa- 
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rameter, which characterizes the extent of depar- 
ture from equilibrium or from frozen behavior in 
the flow fields, is discussed. 


HEAT PROTECTION BY ABLATION. R. M. 
Wood and R. J. Tagliani. IAS 28th Annual Meet- 
ing, New York, Jan. 25-27, 1960, Paper 60-8. Mem- 
bers, $0.50;nonmembers, $1.00. 15 pp. Study cov- 
ering the desirable thermal and ablation properties 
of materials used for protecting load-carrying 
structures from excessive temperatures, andtheir 
interrelationship with the environment to which 
such protective coatings are subjected. The as- 
sumption of an equivalent square wave heat-time 
input for any actual environment is discussed and 
justified for radically different environmental sit- 
uations, including ICBM, Mars entry, anti-ICBM, 
manned entry, and nozzle applications. Using the 
square wave heat input assumption, the unit coating 
required is presented as a function of intensity 
and duration of heating for several different pro- 
tective coatings. Three domains of heating are 
categorized: (1) almost complete ablation, wherein 
the most important material property is heat ab- 
sorbed per pound of material lost; (2) partial abla- 
tion, wherein density and conductivity are as im- 
portant as ablation properties; and (3) no ablation, 
wherein ordinary thermal properties are all im- 
portant. The results are summarized by the 
graphical representation of the relative coating 
weights required by some popular protection mate- 
rials for a number of different environmental situ- 
ations. 


SCHMELZKUHLUNG SCHNELLFLIEGENDER 
BALLISTISCHER KORPER BEIM WIEDEREIN- 
TRITT IN DIE ERDATMOSPHARE, Ernst Adams. 
(DGRR Jahresfachtagung, Munich, May, 1959.) 
Raketentech. & Raumfahrtforsch., Oct.-Dec., 
1959, pp. 97-104. In German. Study covering the 
ablation cooling of ballistic missiles re-entering 
the earth's atmosphere. The thermal properties 
of the molten film in the vicinity of the forward 
stagnativs. point of the missile are considered. 
Calculations are made and curves are presentedto 
illustrate the heat process as a function of time. 
The steady-state properties of ablating material 
are then considered with respect to dynamic and 
thermal parameters and in relation to flight speed 
and altitude. 


Aerothermodynamics 


BOUNDARY-LAYER DISPLACEMENT AND 
LEADING-EDGE BLUNTNESS EFFECTS IN HIGH 
TEMPERATURE HYPERSONIC FLOW. H. K. 
Cheng, J. G. Hall, T. C. Golian, and A. Hertz- 
berg. IAS 28th Annual Meeting, New York, Jan. 
25-27, 1960, Paper 60-38. Members, $0.50; non- 
members, $1.00. 8l pp. 66 refs. USAF-Navy- 
sponsored theoretical and experimental investiga- 
tion of the interaction of the two effects. The basic 
shock-layer concept is extended and a detached 
shock layer is introduced to account for bluntness. 
In the boundary layer, the approximate solution is 
found to be governed by local similarity. For the 
specific heat ratio 8 close to unity, the leading 
approximation for flat-plate afterbodies yields a 
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solution agreeing with blast-wave theory at one 
limit and strong-interaction theory at the other. 
Similarly, flow over a blunted edge istreated. A 
hypersonic similitude involving strong shocks is 
also given. Measurements were made on a flat 
plate for surface heat-transfer distributions and 
schlieren studies were done for zero and nonzero 
incidence. The range of test conditions encompass- 
ed the limiting cases of dominant bluntness and 
dominant viscous interaction effects. Comparison 
with theory shows a good correlation in terms of 
the similitude variables characterizing combined 
effects of boundary-layer displacement and blunt- 
ness. 


HEAT TRANSFER, RECOVERY FACTOR AND 
PRESSURE DISTRIBUTIONS AROUND A CIRCU- 
LAR CYLINDER NORMAL TO A SUPERSONIC 
RAREFIED-AIR STREAM. O. K. Tewfik and W. 
H. Giedt. IAS 28th Annual Meeting, New York, Jan. 
25-27,1960, Paper 60-46. Members, $0.50; nonmem- 
bers, $1.00. 15pp. 13 refs. ONR-supported presen- 
tation of test results for a Mach number range of 
1.3 to 5.7, aReynolds number range of 37 to 4, 100, 
and cylinder wall average temperature levels of 
90°K, and 210°K. Study of the results yielded (1) 
a correlation equation for the stagnation-point 
Nusselt number as a function of the Reynolds num- 
ber just after the normal part of the detached bow 
shock wave; and (2) Fourier series expressions 
for the heat-transfer coefficient and pressure coef- 
ficient distributions in terms of the stagnation 
point values. Comparison with theoretical studies 
shows that exceptionally good agreement for the 
heat-transfer coefficient distribution was obtained 
with Lee's theory. In the Mach number range of 
3.55 to 5.73, the pressure decreased less rapidly 
with distance from the stagnation point than pre- 
dicted by the modified Newtonian theory. 


EVALUATION OF THERMAL PROBLEMS AT 
RELATIVELY LOW ORBITAL ALTITUDES. L. D, 
Wing. Aero/Space Engrg., Mar., 1960, pp. 58-60, 
64. Presentation of a simple method for estimat- 
ing the maximum and minimum heat inputs expe- 
rienced anywhere on the outer skin face of an or- 
biting vehicle. Consideration is given to the 
earth-radiated energy, reflected solar energy, 
direct solar radiation, and heat transfer from the 
inner cabin wall to the outer skin. A thermal 
control system in which insulation is used to con- 
tain heat, thus eliminating the need for a heater, 
is outlined. An air ducting system is used for 
cooling. 


Boundary Layer 


EKSPERIMENTAL'NOE ISSLEDOVANIE DO- 
ZVUKOVOGO TURBULENTNOGO POGRANICH- 
NOGO SLOIA NA PLASTINE SO VDUVOM., V. P. 
Mugalev. MVO SSSR VUZ Izv. Av. Tekh., No.3, 
1959, pp. 72-79. In Russian. Experimental inves 
tigation of the subsonic turbulent boundary layer 
over a porous plate with gas injection. The instal- 
lation, comprising a porous model placed in the 
open working section of a wind tunnel, permitted 
to attain an exhaust velocity of 75 m./sec. and 
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temperatures up to 600°C, A Pitot tube was used 
to measure the variation of the velocity fields in 
the boundary layer, and the experimental velocity 
profiles were compared with those obtained by 
Nikuradze in the turbulent boundary layer with lon- 
gitudinal pressure gradient for flows in convergent 
(negative angles) and divergent (positive angles) 


channels. It is found that the boundary layer flow 
is analogous to the flow over an impermeable sur- 
face in the case of a positive pressure gradient; 
the parameter fy, defines the effect of injection on 
the boundary layer. 


THE EFFECT OF TIP BLUNTNESS ON BOUND- 
ARY-LAYER TRANSITION ON A 15° INCLUDED 
ANGLE CONE AT M = 3.12 AND 3.81. R. H. 
Rogers. Gt. Brit., RAE TN Aero.2645, Aug., 
1959. 39 pp. Description of tests on cones having 
tip radii up to 0.49 in. at zero incidence. The 
position of transition to turbulence in the boundary 
layer is found to move downstream as the tip ra- 
dius increases, as long as transition is more than 
about 100 tip radii downstream from the tip. If 
transition occurs upstream of this station, its po- 
sition tends to move further upstream as the tip 
radius increases. Pitot traverses of the boundary 
layer are made, showing that the Reynolds number 
based on momentum thickness at transition remains 
nearly constant in all cases (at 680 when M = 3.12 
and at 600 when M ® 3,81). A tentative explanation 
is given for the upstream movement of the transi- 
tion when it occurs near the tip. 


FURTHER INVESTIGATION ON THE TRANSI- 
TION OF TWO-DIMENSIONAL SEPARATED 
LAYER AT SUBSONIC SPEEDS. Hiroshi Sato. 
Phys. Soc. Japan J., Dec., 1959, pp. 1797-1810. 
Experimental investigation in which the laminar 
separated layer is excited by an external sinus- 
oidal sound source. The wave speed and amplifi- 
cation rate of excited velocity fluctuation are 
measured. The response characteristics are 
found to be in good agreement with theoretical cal- 
culations based on the Orr-Sommerfeld equation. 
The effect of excitation becomes maximum when 
the frequency of external excitation coincides with 
that of naturally excited sinusoidal velocity fluctu- 
ation in the laminar layer. No abrupt turbulent 
bursts are found in the transition region. The 
wave form of velocity fluctuation changes gradual- 
ly from sinusoidal to irregular patterns. 


SOME TRANSITION PATTERNS IN AXISYM- 
METRIC BOUNDARY LAYERS. F. R. Hama. 
Phys. Fluids, Nov.-Dec., 1959, pp. 664-667. 
USAF -supported study of the vortex pattern, caused 
by a ring-shaped trip, made in a water tank for 
circular cylinders and a 30° cone. Over the cylin- 
ders the boundary-layer thickness is approximate- 
ly equal to the radius of the cylinders. Ring-shaped 
vortices are shed and deformed into vortex loops 
in the same manner as on a flat plate. On the cone 
the ring-shaped vortices are stretched and then 
inevitably deformed into vortex loops, indicating 
that a mere stretching is not a sufficient mecha- 
nism for the creation of a turbulence spot. A 


(35) 


mechanism is tentatively proposed for the final 
breakdown from the vortex loop. 


THE TURBULENT BOUNDARY LAYER ON A 
FLAT PLATE IN A UNIFORM STREAM OF A : 
COMPRESSIBLE FLUID. S. I. Kosterin and Yu. 
A. Koshmarov. Sov. Phys. - Tech. Phys., Jan., 
1960, pp. 819-828. Translation. Analysis consid 
ering the effect of density pulsation on the distri- 
bution of velocities, temperatures, and densities 
in the boundary layer and, consequently, on friction 
and heat exchange for a plate in a gas stream. 
Turbulent mixing is represented according to the 
diagram proposed by Prandtl. A method of calcu- 
lation is developed, giving results in satisfacto- 
ry agreement with experiment. Comparison of 
the results calculated by two methods (with and 
without accounting for density pulsation) shows 
that when Mach numbers are large (M > 6), the 
difference in friction coefficients is from 15% to 
40% of the values calculated by the method in which 
the density pulsation is not taken into account. 


THE VELOCITY DISTRIBUTION IN A TURBU- 
LENT BOUNDARY LAYER ON A FLAT PLATE. 
Appendix - THE EFFECTS OF THE TURBULENT 
FLUCTUATING VELOCITIES ON THE MEASURE- 
MENT OF THE MEAN VELOCITY IN THE BOUND- 
ARY LAYER. R. A. Dutton. Gt. Brit., ARC 
CP 453, 1959. 24 pp. 13 refs. BIS, New York, 
$0.72. Discussion of results obtained experimen- 
tally by means of detailed boundary-layer trav- 
erses made on a smooth flat plate with zero pres- 
sure gradient. The velocity distributions are 
compared with established inner laws and velocity 
defect laws. The influence of the turbulent veloci- 
ty fluctuations on measurements with a Pitot tube, 
and the effect of variation of static pressure 
through the boundary layer are also considered. 
These are shown to be appreciable in the region 
where the inner law is assumed to hold. Correc- 
tions also are made to some of the measurements 
and the resulting inner law is found to agree closely 
with that proposed by Coles. 


NONSTATIONARY TURBULENT BOUNDARY 
LAYER ON A WING PROFILE AND ON A FIGURE 
OF ROTATION. K. K. Fedyaevskii and A. S. 
Ginevskii. Sov. Phys. - Tech. Phys., Jan., 1960, 
pp. 829-836. Translation. Development of an ap- 
proximate single parameter method for calculating 
the parameters of the turbulent boundary layer and 
the position of the breakaway point when the for- 
ward motion of the body is accelerated. The 
method is based on a semiempirical theory of tur- 
bulence and is a generalization of a method of cal- 
culation worked out earlier for a stationary turbu- 
lent boundary layer. The only difference is that 
the dimensionless parameter Q depends not only 
on the velocity prevailing outside the boundary 
layer and its longitudinal gradient, as is the case 
for the stationary layer, but also on the derivatives 
of these velocities with respect totime. Asan 
example, the turbulent boundary layer onacylinder 
moving with constant acceleration or constant de- 
celeration is considered. It is found that the non- 
stationary state of the boundary layer on an un- 
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streamlined body affects its resistance mainly 
because the positions of the breakaway points 
change at every given moment. 


TURBULENT BOUNDARY LAYER MEASURE- 
MENTS AT MACH NUMBERS FROM 8 TO 10. 
F. K. Hill. Phys. Fluids, Nov.-Dec., 1959, pp. 
668-680. 22 refs. Navy-supported presentation 
of data on skin friction and heat transfer for com- 
parison with theory. Significant results of the in- 
vestigation include the relatively rapid growth of 
the laminar sublayer at high Mach numbers, the 
increase in the momentum thickness with heat 
transfer, the decrease in the heat transfer coeffi- 
cient, and the skin friction dependence on heat 
transfer and pressure gradient at high Mach num- 
bers. The velocity profiles in the turbulent portion 
of the boundary layer are found to extend the trend 
evidenced at lower Mach numbers of a fit to a 
power profile, but with a somewhat lower velocity 
index (n = 5 as compared to 7 and 9 at lower su- 
personic Mach numbers.) On the other hand, an 
exponential fit to the experimental points provides 
equally good agreement and satisfies better the 
physical conditions at the edge of the boundary 
layer. 


Flow of Fluids 


SOME CONSIDERATIONS OF THE LAMINAR 
STABILITY OF INCOMPRESSIBLE, PARALLEL 
TIME-DEPENDENT FLOWS. S. F. Shen. IAS 
28th Annual Meeting, New York, Jan. 25-27, 1960, 
Paper 60-33. Members, $0.50; nonmembers, 
$1.00. 18 pp. Navy-sponsored presentation of the 
concept of "momentary stability" for dealing with 
time-dependent basic flows, which occurs when the 
kinetic energy of the disturbances, as a fraction of 
the kinetic energy of the basic flow, tends to de- 
crease at any instant. The disturbance is meas-~ 
ured on the basis of the ratio of the kinetic energy 
of the perturbations to that of ‘mean flow, both av- 
eraged throughout the boundary-layer thickness 
and over a wave length. An analysis in made of 
incompressible parallel but nonsteady basic flow, 
upon which are superposed two-dimensional infini- 
tesimal perturbations of the transverse wave type. 
The calculation procedure for the "momentary 
stability" of slowly changing, but otherwise com- 
pletely arbitrary, basic flows is outlined. Essen- 
tially, the eigenvalue problem is taken as identical 
to the quasi-steady approach, but a time-dependent 
part of the "mode" is determined. 


UNSTEADY RECTILINEAR GAS FLOW. D. 
Naylor. J. Math. & Mech., Jan., 1960, pp. 1-18. 
Study of the effect on the equations of unsteady 
nonisentropic rectilinear gas flow of the use of a 
modified stream function analogous to Crocco's 
stream function. This function is defined interms 
of the gas speed u and the acoustic speed a, and 
remains constant for each fluid element during the 
motion. The method consists of applying certain 
transformations to a Lagrangian equation x(¥, t), 
the position at time t of the fluid element yY. The 
general problem is reduced to that of a quasi-linear 
partial differential equation homogeneous in the 
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second-order derivatives. For suitably prescribed 
distributions of entropy this equation possesses 
special integrals, one of which is equivalent to 
Martin's exact solution. Other integrals are ob- 
tained by concentrating on degenerate solutions 
analogous to simple waves. 


SOME ASPECTS OF NON-EQUILIBRIUM 
FLOWS. Raymond Sedney. LAS 28th Annual Meet- 
ing, New York, Jan. 25-27, 1960, Paper 60-4. 
Members, $0.50; nonmembers, $1.00. 15 pp. 13 
refs. Study of some of the general features of non- 
equilibrium flow, in particular, the vibrational re- 
laxation. Those aspects of two-dimensional and 
axisymmetric flow behind shock waves are exam- 
ined which yield significant information without 
requiring numerical solution of the governing e- 
quations. After a discussion of the appropriate 
thermodynamics of a vibrational relaxing diatomic 
gas, the governing equations are transformed to 
yield the generalization of Crocco's theorem which 
relates the entropy change to the vorticity. Next, 
a derivation and a discussion of the characteristic 
equations are given. Using the appropriate shock 
transition relations and the equations of motion, 
the streamwise gradients of the flow variables are 
obtained employing natural coordinates. An exact 
solution for flow over a cusped body is obtained. 
Flow over a wedge near the tip and far from the 
tip is considered. It is found that far from the tip 
a boundary-layer-type phenomenon occurs. 


A SIMPLE NUMERICAL SOLUTION OF THE 
FLOW AROUND A BLUNT BODY IN A SUPER- 
SONIC STREAM WITH APPLICATION TO REAL 
GASES. G. A. Bird. Australia, WRE TN HSA52 
Sept., 1959. 24 pp. ll refs. Study showing that 
a satisfactory numerical solution of the steady 
inviscid flow behind an axisymmetric or plane de- 
tached shock wave can be obtained by a method 
which uses only elementary forms of the equations 
of motion. Thus, the calculations may be based 
on real gas properties, neglecting the perfect gas 
assumption when it ceases to be applicable in hy- 
personic flow. Results are given for the flow 
behind a paraboloidal shock wave in the flow of air 
at a Mach number of 20 for the three acsumptions 
of perfect gas, real gas in thermodynamic equilib 
rium everywhere, and real gas with the composi- 
tion frozen during expansion processes. Also 
presented are results for the flow behind the shock 
wave actually produced by a flat-nosed body of 
revolution at a Mach number of 2.4. 


FLUCTUATING LIFT AND DRAG ACTING ON 
A CYLINDER IN A FLOW AT SUPERCRITICAL 
REYNOLDS NUMBERS. Appendix - AN EXAM- 
PLE FOR THE CALCULATION OF ELASTIC RE- 
SPONSE. Y. C. Fung. IAS 28th Annual Meeting, 
New York, Jan. 25-27, 1960, Paper 60-6. Mem- 
bers, $0.50; nonmembers, $1.00. 19 pp. 27 refs. 
Presentation of measurements for Reynolds num- 
bers up to about 1.4 x 10° on both a stationary cyl- 
inder and a cylinder subjected to forced oscilla- 
tions of specific amplitudes and frequencies. Data 
on the root-mean-square values of the lift and drag 
coefficients, the extreme values of these coeffi- 
cients, and their power spectra are presented. 
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DIFFUSION OF A FULLY IONIZED GAS CON- 
FINED IN A STRONG MAGNETIC FIELD. Toyoki 


Koga. USCEC Rep. 56-209 (AFOSR TN 59-1162), 
Dec. 30, 1959. 33 pp. 14 refs. Investigation of 
the transport phenomena of a fully ionized gas in 
the presence of a strong magnetic field. It is 
shown that there is a certain domain in the density- 
temperature space where the Boltzmann equation 
is valid. The mean free path is assumed to be 
longer than the mean Larmor radius. An average 
is made of the Boltzmann equation along a circular 
trajectory of gyrating particles; by this method of 
coarse-graining, the Boltzmann equation is re- 
duced to that of diffusion. A special case of con- 
stant energy per particle is treated in detail, Re- 
sults are compared and found similar to those ob- 
tained previously, although no specific assumption 
of the distribution function is made; the effect of 
the collisions between similar particles is negligi- 
ble and the ions and electrons diffuse almost at 

the same velocity. The applicability of the method 
to more general cases is indicated. 


MAGNETOHYDRODYNAMIC CHANNEL FLOW 
OF A PERFECT GAS FOR THE GENERATION OF 
ELECTRICAL POWER. G. W. Sutton. G-E 
MSVD AL TIS R59SD473, Dec. 8, 1959. 31 pp. 
Investigation considering the channel flow of an 
ideal, compressible, slightly ionized gas for elec- 
trical power generation. For moderate tempera- 
tures, this implies conductivities of about 1-10 
mho/cm, so that the magnetic Reynolds number is 
small, and the externally imposed magnetic field 
then penetrates the gas completely. The electri- 
cal conductivity of the gas is taken as a function of 
temperature and pressure in accordance with well 
accepted theories, and the reduction in effective 
conductivity due to the Hall effect is considered. 
Analytical expressions are derived for the flow 
variables for flows of constant velocity, tempera- 
ture, pressure, density, and area. It is concluded 
that, on the basis of a comparison for constant 
electrical conductivity, the constant velocity flow 
appears to be the most desirable; the length of the 
generator may be decreased by increasing the 
magnetic field or decreasing the entrance pressure, 
Problems due to the Hall effect can be removed 
almost completely by the use of segmented elec- 
trodes. 


AN INVISCID BOUNDARY LAYER OF MAGNE- 
TOHYDRODYNAMICS. W. S. Lewellen. Cornell 
U. Grad. Sch. Aero. Eng. Rep. (AFOSR TN 59- 
927), Sept., 1959. 46 pp. Application of a bound- 
ary-layer approximation for fluids with large elec- 
trical conductivities to the two-dimensional, steady, 
inviscid, incompressible magnetohydrodynamic 
equations for the case of a uniform magnetic field 
parallel to the free stream. Two approaches to 
the solution of the magnetic boundary layer are 
used. In the first, the approximate integral method 
is used to derive equations analogous to the von 
Karman integral momentum equation of viscous 
theory, In the second approach, the exact mag- 
netic-boundary-layer equations are transformed, 
for similar flows, into a system of ordinary dif- 
ferential equations. The solution of these equa- 
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tions is found in the form of a power-series expan 
sion in a parameter equal to the Alfvén speed di- 
vided by the free-stream velocity. Numerical re- 
sults are given for several cases of similar flow. 
In the sub-Alfvén flow, evidence points to a bound- 
ary layer growing in the direction opposite to the 
flow. 


A FLIGHT INVESTIGATION INTO THE PER- 
SISTENCE OF TRAILING VORTICES BEHIND 
LARGE AIRCRAFT. T. H. Kerr and F. Dee. Ct. 
Brit., RAE TN Aero. 2649, Sept., 1959. 22 pp. 
Description of tests on a Devon flying in the wake 
of a Lincoln made in the clean and flaps-down con- 
figurations. The results indicate that the disturb- 
ance decays rapidly after 160 sec. and 105 sec., 
and produces negligible rolling moments after 190 
sec. and 120 sec., respectively. The flight results 
are compared with the available theoretical data, 
and it is found that Squire's theory holds until the 
vortices start to decay rapidly. 


A STUDY OF VORTEX CANCELLATION. Allan 
Schaffer. J. Aero/Space Sci., Mar., 1960, pp. 
193-196, 233. Investigation of the cancellation of a 
vortex by means of another concentric vortex of 
equals strength but opposite spin. When such a 
cancellation occurs, there is a recovery of static 
pressure. The vortices are generated by means 
of two three-dimensional airfoils cantilevered 
from the duct wall, one being situated in the wake 
of the other. It is demonstrated experimentally 
that there exists an optimum angle of attack for 
the second airfoil which cancels the vortex from 
the first airfoil and restores uniform flow down- 
stream of the two airfoils. A calculation of this 
optimum angle of attack is presented and is found 
to: depend upon the angle of attack of the first air- 
foil and upon the geometrical properties of the 
wing. The pressure recovery accompanying the 
vortex cancellation is also studied. 


Internal Flow 


THE DRAG OF DUCTED BODIES WITH ANNU- 
LAR OR SIDE INTAKES IN SUPERSONIC FLOW. 
H. Portnoy. Aero. Quart., Aug., 1959, pp. 283- 
295. Study of a slender ducted body of arbitrary 
cross section having an annular or "scoop" type of 
intake at some streamwise station. The parts of 
the body forwardof, and behind the, intake are per- 
mitted to have discontinuities of longitudinal profile 
slope at streamwise stations widely separated both 
from each other and from the intake. The external 
flow is supersonic, and it is assumed that the in- 
take lip is sharp and that there is no "spill-over" 
due to choking of the internal flow. The interfer- 
ence drag between the forebody and the afterbody 
is calculated, and the results are applied to bodies 


of elliptic cross section. 


ON AXISYMMETRICAL GAS JETS, WITH AP- 
PLICATION TO ROCKET JET FLOW FIELDS AT 
HIGH ALTITUDES. W. T. Lord. Gt. Brit., RAE 
Rep. Aero.2626, July, 1959. 37 pp. 23 refs. 
Study of the existing analytical, numerical, and 
experimental results for gas jets expanding out of 
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axisymmetric nozzles. Jets expanding into a vacw 
um and into still air at finite pressure are consid- 
ered in detail and, by introducing certain new con- 
cepts, the existing results are expressed in acom- 
pact and more widely applicable form. A brief 
examination of jets expanding into supersonic air 
streams suggests that some information about the 
flow fields of rocket jets a high altitudes may be 
deduced from the extended results for still-air 
jets in which the reference pressure at the nozzle 
exit is much greater than the ambient pressure. 
An example for a particular rocket and a specific 
trajectory is given. 


SKACHOK KONDENSATSII V SVERKHZVUKO- 
VYKH SOPLAKH,. A. A. Stepchkov. MVO SSSR 
VUZ Izv. Av. Tekh., No. 3, 1959, pp. 119-129. 

In Russian. Investigation covering the condensa- 
tion jump in supersonic nozzles. The known equa- 
tions of thermodynamics are used to determine 
the beginning of saturation, considered as the onset 
of condensation. The dependence of saturation 
pressure Pj, from the variation of external condi- 
tions is determined from the equilibrium of the 
two-phase system on the basis of the Clapeyron- 
Clausius equation. This equation is integrated, 
taking into account the effect of temperature on 
the heat of phase transition ( 4) and the tempera- 
ture and pressure on the change of volume 4 v. 
Thus, the dependence of saturation pressure upon 
temperature in the case of condensation in the 
neighborhood of a plane water surface is obtained. 
The data cover the physical process of condensa- 
tion under the conditions of gas expansion in Laval 
nozzles and can be used in the theory of condensa- 
tion under analogous conditions. The discrepancy 
shown by comparing theoretical and experimental 
data is analyzed, and tests involving the measure- 
ment of pressure distribution along the wall and 
the axis of a nozzle in expanding dry and humidair 
are described in detail. 


RASPROSTRANENIE TURBULENTNOI STRUI 
NESZHIMAEMOI ZHIDKOSTI PO POVERKHNOSTI 
KONUSA. E. I. Katin. MVOSSSR VUZ Izv. Av. 
Tekh., No. 2, 1959, pp. 12-19. In Russian. Deri- 
vation of an analytical solution for the problem of 
an axisymmetric jet of incompressible fluid issuing 
from an orifice (2r,-diam.) and propagating along 
the surface of a cone with a half-angle (« ) at the 
apex. The flow ahead of the cone apex is homoge- 
neous due to a sufficiently small distance (2) be- 
tween the exhaust section of the nozzle and the 
apex of the cone. Theoretical results are com- 
pared with experimental data, and it is found that: 
the flow of a gas is affected by the friction at the 
surface of the cone only in the layer which is adja- 
cent to the wall and represents about 6% of the 
overall thickness of the jet; the relations derived 
assuming the absence of friction are valid outside 
of this layer, thus neglecting the presence of fric- 
tion over the surface of the cone. 


ONE DIMENSIONAL FLOW OF A GAS-PARTI- 
CLESYSTEM. J. R. Kliegel. IAS 28th Annual 
Meeting, New York, Jan. 25-27, 1960, Paper 60-5, 
Members, $0.50; nonmembers, $1.00. 11 pp. 
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Study of the one-dimensional flow of a gas-particle 
system and presentation of a family of solutions 

to the equations governing these flows. If the par.~ 
ticles do not undergo a phase change (solidification, 
then the solutions for the one-dimensional flow of 
a perfect gas are identical to the above family of 
solutions provided that a suitably modified Mach 
number and specific heat ratio are chosen. It is 
shown that these solutions correspond to flow ina 
nozzle in which the axial velocity gradient is con- 
stant. The design of a nozzle for use with a gas- 
particle exhaust is discussed, and the nozzle 
throat region is shown to be the critical region in 
the design of such a nozzle. It is further shown 
that the nozzle throat conditions depend on the par 
ticle kinetic and thermal lags at the throat, and 
hence, on the nozzle inlet geometry. Relationships 
between the nozzle throat geometry and the parti- 
cle lags in the throat region are given for both 
two-dimensional and axially symmetric nozzles. 


Jet Flaps & Wings 


THE FINITE ASPECT RATIO JET FLAP. 
R. A. Hartunian. Cornell Aero. Lab. Rep. AI- 
1190-A-3, Oct., 1959. 70 pp. 28 refs. Army- 
sponsored derivation of lifting surface equations 
for the finite aspect ratio wing equipped with jet 
flaps, assuming small perturbations of the undis- 
turbed flow. The limiting case of large aspect 
ratio is considered in detail; the resulting equa- 
tions are solved for the special case of a system 
with elliptic loading. Relations for the lift coeffi- 
cient, jet shape, and pitching moment are pre- 
sented. The results of the theory are found to be 
in good agreement with experiment over a wide 
range of aspect ratios, angles of attack, jet deflec- 
tions, and jet momentum coefficients. The in- 
duced drag, obtained for the elliptically loaded 
case, is shown to agree with the results of a mo- 
mentum theory. Comparison of the induced drag 
with the experimentally determined drag is also 
discussed. 


A NOTE ON THE DRAG DUE TO LIFT AS IN- 
FLUENCED BY A JET FLAP ON A WING OF FI- 
NITE SPAN. S. B. Berndt. Sweden, Flygtekniska 
Férséksanstalten, FFA Medd. 85, Sept., 1959. 
10 pp. Extension of the classical theory for thin 
and lightly loaded wings in subsonic flow, consid- 
ering the interaction between the jet and the trail- 
ing vortices. It is shown that for given lift, span, 
and jet thrust the minimum induced drag is re- 
duced by a jet flap, the reduction corresponding to 
an increment of 2C;/7 to the aspect ratio (Cy 
being the jet coefficient, referred to free-stream 
dynamic pressure and wing area). It is also stated 
that the minimum drag is obtained when the down- 
wash angle at the trailing sheet far downstream is 
constant throughout the span, and that the mini- 
mum drag is half the product of the lift and this 
downwash angle. 


Stability & Control 


COMPARISON OF SOME EXPERIMENTAL AND 
THEORETICAL DATA ON DAMPING-IN-ROLL 
OF A DELTA-WING BODY CONFIGURATION AT 
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SUPERSONIC SPEEDS. L. T. Conlin and K. J. 
Orlik-Riickemann. Canada, NRC Aero. Rep. 
LR-266, Dec., 1959. 16 pp. Description of tests 
on a wing-body combination consisting of a triangu- 
lar wing of aspect ratio 2 and a body of revolution, 
with and without fins. The free oscillation tech- 
nique is used to measure the damping-in-roll de- 
rivative at two oscillation frequencies. Results 
are compared with theory and other wind-tunnel 
and aeroballistic-range experiments. The damping- 
in-roll derivative (-Cy_) is found to decrease with 
increasing supersonic Mach number and increase 
with increasing frequency. 


DEVELOPMENT OF LATERAL-DIRECTIONAL 
FLYING QUALITIES CRITERIA FOR SUPERSONIC 
VEHICLES, BASED ON A STATIONARY FLIGHT 
SIMULATOR STUDY. R. M. Crone and R. C. 
A'Harrah. IAS 28th Annual Meeting, New York, 
Jan. 25-27, 1960, Paper 60-18. Members, $0.50; 
nonmembers, $1.00. 15 pp. 14 refs. Study indi- 
cating that a modification to the present military 
specifications for the lateral-directional oscilla- 
tory characteristics would be desirable for the 
high-speed, high-altitude flight region. A proposed 
criterion is formulated for the specification of 
satisfactory lateral handling qualities, on the basis 
of a parameter which successfully correlates pi- 
lot opinion rating of the lateral handling qualities. 
A comparison is made of these results with other 
pilot evaluation studies which utilized variable 
stability aircraft. 


Wings & Airfoils 


CALCULATION OF AERODYNAMIC LOADING 
AND TWIST CHARACTERISTICS OF A FLEXIBLE 
WING AT MACH NUMBERS APPROACHING 1.0 
AND COMPARISON WITH EXPERIMENT. Appen- 
dix - RELATIONS USED TO CALCULATE DOWN- 
WASH. J. P. Mugler, Jr. US, NASA TR R-58, 
1960. 30 pp. Presentation of an iteration method 
applicable to the calculation of flexible wings with 
known elastic properties at Mach numbers ap- 
proaching 1.0, as well as at subsonic Mach num- 
bers. Calculations are made for a combination of 
a body and a cambered wing with 45° sweepback, 
an aspect ratio of 4, a taper ratio of 0.15, anda 
thickened root section. Comparisons of experimen- 
tal and calculated results at Mach numbers from 
0.80 to 0.98 indicate that: (a) at a Mach number of 
0.80, the calculated and experimental loadings and 
the wing twist distributions are in good agreement 
from 0° to 4° angle of attack; at higher positive 
angles and at negative angles, the experimental 
data indicate that separation is prominent on the 
wing and the agreement between calculated and ex- 
perimental results is poor; (b) with increasing 
Mach number, the agreement at 2° and 4° angle of 
attack becomes increasingly poorer, but is still 
good at 0° angle of attack at a Mach number of 0.98 
The experimental data indicate that the poorer a- 
greement at angles of attack of 2° and 4° for the 
higher Mach number is the result of large regions 
of mixed flow which developed on the wing. 


K RASCHETU PROCHNOSTI UPRUGOGO MO- 
NOLITNOGO KRYLA. M. B. Vakhitov. MVO 
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SSSR VUZ Izv. Av. Tekh., No. 3, 1959, pp. 24-32 
In Russian. Study of the thin elastic monolithic 
wing having a thick skin reinforced by stiffening 
ribs in the direction of the axes 0, and 0€ . 
cantilever anisotropic plate is used as the repre- 
sentative model. The mass loading is taken into 
account, and the two specific cases considered 
are: (a) a given angle of attack of the root section 
and (b) a given load coefficient n, representing the 
effect of turbulence and curvilinear flight along a 
given trajectory, respectively. The study is based 
on a statistical approach - i.e., it is assumedthat 
equilibrium is reached in the process of varying 
wing deformation and the related variation of ex- 
ternal forces. The derived formulas are also 
used to determine the critical rate of wing diver- 
gence and aileron reversal. 


SUPERSONIC ESTIMATION OF THE WING IN- 
CIDENCE EQUIVALENT TO A CAMBER DISTRI- 
BUTION. L. M. Sheppard. Australia, WRE TN 
HSA 53, Oct., 1959. 8 pp. Application of the two- 
dimensional supersonic airfoil theory to determine 
the lift increment associated with a camber distri- 
bution. This lift increment is found to be propor- 
tional to the product of camber and thickness ratios. 
The equivalent wing incidence, giving the same 
lift increment, can be calculated directly from the 
lift curve slope. Results are given for some sim- 
ple camber and thickness distributions of the 
double-wedge, modified double-wedge, and para- 
bolic-arc types. Estimates of equivalent wing in- 
cidences, which follow from such results by using 
a strip method, are applicable to stabilizing fins 
of test vehicles when rolling frequencies have to 
be predicted. 


O NEUSTANOVIVSHEMSIA DVIZHENII KRYLA 
PRIAMOUGOL'NOI FORMY V PLANE, V. A. 
Kovaleva. Prikl. Mat. i Mekh., Nov. -Dec.,1959, 
pp. 1030-1041. In Russian. Presentation of results 
on the unsteady motion of thin rigid wings of finite 
span and rectangular plan form in supersonic 
flow, arbitrarily varying with time, including the 
gust or shock-wave dependent unsteady motion. 
The problem is treated linearly, and a solution is 
obtained for the case of a time-dependent variation 
in angle of attack; the partial solution is used to 
study the case of an angle of attack arbitrarily 
varying with time. The problem of a wing of rec- 
tangular plan form is solved by taking into account 
the edge effects. 


K TEORII KOL'TSEVOGO KRYLA V SVERKH- 
ZVUKOVOM POTOKE. G. E. Bobrov. MVO 
SSSR VUZ Izv. Av. Tekh., No. 3, 1959, pp. 3-8. 
In Russian. Study of the theory of annular wings. 
A solution for the problem of lifting force and 
aerodynamic moment, depending upon the pressure 
of the supersonic flow over the internal surface of 
the wing, is derived within the limits of the linear 
theory. The flow around the wing is assumed to be 
steady, nonviscous, adiabatic, and irrotational; 
and the profile of the wing, the angle of attack, as 
well as the Mach number of the undisturbed flow 
correspond to the assumptions of the linear super- 
sonic flow theory. The study is simplified by 


March 1960 + Aero/Space Engineering 93 


le 

f 

n 

ar : 

i- 

m 

fi- 

be 

flec- 

ag 

- 

FI- 

niska 

fe 

owt 

rail- a 

ng to 

eam 

stated 

own- 

m is a 

is 


limiting the calculation to cylindrical annular wing 
profiles of zero thickness. Due to the supersonic 
character of the flow, the presence of a vortex 
layer behind the wing could be neglected and re- 
placed by a solid cylindrical surface representing 
an extension of the wing. 


ON THE AERODYNAMIC DESIGN OF SLENDER 
WINGS. E.C. Maskell and J. Weber. RAeS J., 
Dec., 1959, pp. 709-721. 19 refs. Analysis con- 
sidering the design of slender pointed wings with 
sharp edges, under the condition that flow separa- 
tion from these edges shall dominate the flow pat- 
tern in all flight attitudes. It is concluded that if 
the leading edge separations are to develop regu- 
larly with change of attitude of the wing, separation 
must occur only from the trailing edge at the de- 
sign attitude. Subject to these restrictions, low 
drag is sought at the design attitude. This leads 
to the consideration of a particular class of doubly 
curved mean surfaces satisfying the leading edge 
condition, onto which thickness distributions are 
superposed so as to provide favorable velocity 
fields together with low drag. A number of exam- 
ples are considered to illustrate the manner in 
which plan form and thickness distributions affect 
the pressure distribution, and to indicate the rela- 
tively high lift/drag ratios which seem feasible. 


NOTES ON THIN WING THEORY AT LOW 
SUPERSONIC SPEEDS. I - THE DESIGN OF 
LIFTING SURFACES. G. J. Hancock. Aero. 
Quart., Aug., 1959, pp. 247-265. Development 
of a numerical method, based on linearized theory, 
for establishing the integral relationship for the 
incidence distribution in terms of the velocity po- 
tential for wings with subsonic leading edges. 
Three examples with various edge singularities 
that may be encountered in practice are studied, 
and it is shown that, with a fairly wide mesh dis- 
tribution, errors are appreciable only for the edge 
areas of the mesh. Two ways of avoiding these 
errors are discussed: (a) extrapolation of inci- 
dence values calculated at the inboard area, and 
(b) decreasing the mesh areas locally in the edge 
regions and thus approaching the conditions at 
these edges more accurately. 


NOTES ON THIN WING THEORY AT LOW SU- 
PERSONIC SPEEDS. Il - A UNIFIED NUMERICAL 
METHOD FOR THE CALCULATION OF THE 
LOADING ON WINGS WITH SUBSONIC LEADING 
EDGES. G. J. Hancock. Aero. Quart., Nov., 
1959, pp. 319-325. Presentation of a numerical 
method for lifting problems that are completely 
general, for wings with subsonic leading edges 
having any camber and trailing edge conditions. 
The incidence distribution, given at a series of 
discrete points on the wing surface, is specified 
in terms of the discontinuity in the velocity poten- 
tial, also at a series of discrete points, so that 
there is a matrix equation between these two 
functions. The inversion of the influencing ma- 
trix leads to the determination of an unknown ve- 
locity potential distribution from a known inci- 
dence distribution. 
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EXPERIMENTAL INVESTIGATION ON DELTA 
WING AND COMPLETE CONFIGURATION MOD- 
ELS FOR AEROELASTIC SIMILARITY PROB- 
LEMS AT SUPERSONIC BLOW DOWN WIND-TUN- 
NEL, Appendix - THE MAGNETIC SUPPORT. 
Luigi Broglio, Carlo Buongiorno, Ugo Ponzi, and 
Giorgio Ravelli. Roma U. Sch. Aero. Eng. Inst. 
Aero. Construc. Rep. SIAR 50 (AFOSR TN 59-954), 
Mar., 1959. 63 pp. Presentation of experimental 
techniques and wind-tunnel data obtained at a Mach 
number of 3.01 on triangular wing models. The 
results define the importance of the chordwise de- 
flection of the section on the aerodynamic charac- 
teristics. An experimental investigation made on 
a complete aircraft configuration at a Mach num- 
ber of 3.12 is described, showing the: importance 
of the parameter p,/E on the lateral stability de- 
rivatives. The preliminary study covering the 
design of a magnetic support for dynamic stability 
tests is also included. 


SOME FREE FLIGHT TESTS ON THE SONIC 
AREA RULE AND WING-BODY WAVE DRAG. 
L. M. Sheppard. Australia, WRE TN HSA 51, 
June, 1959. 29 pp. Presentation of results for a 
program of free-flight tests covering the zero-lift 
wave drag of wings and equivalent bodies having 
the same cross-sectional area distributions, as 
well as the effect on wave drag of the body cross- 
sectional shape. When the wing has a round-nosed 
RAE 104 section it has a higher transonic drag-rise 
than its equivalent body. Thus, there appears to 
exist a leading edge drag force varying with Mach 
number. Results show that body cross-sectional 
shape does not influence the drag rise unless it is 
extreme, with high local surface slopes. 


O TELAKH MINIMAL'NOGO VOLNOVOGO 
SOPROTIVLENIIA. V.N. Zhigulev and Iu. L. 
Zhilin. Prikl. Mat. i Mekh., Nov.-Dec., 1959, 
pp. 1019-1029. In Russian. Investigation of some 
variational problems for bodies with minimum 
drag at supersonic velocities. To illustrate the 
solution, a relationship is established which re- 
lates the value of the body value to the values of 
the turbulent velocity potential over the character- 
istic surface bounding the body. The problem of 
selecting the optimum fuselage configuration of 
given length and volume is analyzed along with that 
of drag of a wing-body system. Also covered are 
the cases of extremal bodies and bodies of revolu- 
tion with cylindrical flows. 


AEROELASTICITY 


DYNAMIC AIRLOADS AND AEROELASTIC 
PROBLEMS AT ENTRY MACH NUMBERS. G. 
Zartarian, P. T. Hsu, and H. Ashley. IAS 28th 
Annual Meeting, New York, Jan. 25-27, 1960, 
Paper 60-32. Members, $0.50; nonmembers, 
$1.00, 3l pp. 42 refs. USAF-supported presenta- 
tion of two approximate techniques for predicting 
dynamic airloads. For low to moderate values of 
the parameter M,,T , a variational principle is 
used in conjunction with hypersonic small-disturb- 
ance theory (thickness ratio @<< 1) to find the 
pressure distribution due to a steady or arbitrarily 
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time-dependent motion. The key stepis the reduction 
to a series of equivalent two-dimensional piston 
problems, which are solved by the Ritz method. 

At higher values of MT , a simple extension of 
shock-expansion theory, also relying on the piston 
analogy, appears to furnish a rational approxima- 
tion for many configurations. It consists of deter- 
mining flow parameters just aft of the nose shocks, 
then carrying out a Prandtl-Meyer expansion along 
surface streamlines in planes normal to the body. 
The two methods are applied to static divergence 
of a cantilevered ogive of revolution. 


APPROXIMATE ANALYSIS OF BODY FLUTTER 
OF ROCKETS. I, Il. Ken Ikeda. Japan Soc. 
Aero. & Space Sci. J., Sept.; Oct., 1959, pp. 1-16; 
1-5, 42 refs. In Japanese. Analysis considering 
the phenomenon as a critical motion of the bending 
vibration combined with (a) pitching and (b) pitch- 
ing and bouncing. Two models are proposed to 
obtain an estimate of the effect of design factors 
on the critical speed. The first has two massless 
rigid bars that are connected at their ends by an 
elastic spring, and each bar has an attached concen 
trated mass at an appropriate position. The spring 
masses and their positions are adjusted so that the 
model and actual missile have the same natural 
bending frequency, equal total weight, and equal 
moment of inertia. The center of gravity of the 
model before the bending deformation is assumed 
in the first case to be fixed on the flight path even 
during the oscillation to neglect the effect of bounc- 
ing. In the second case, the model is the same 
except for another concentrated mass attached at 
the center of gravity to account for the effects of 
bouncing. Simple formulas are then derived to 
estimate the critical flutter speed, and the design 
parameters effecting the flutter are discussed. 


FLEXURAL VIBRATIONS OF A RECTANGULAR 
SANDWICH PANEL, C. C. Chang and B. T. 
Fang. IAS 28th Annual Meeting, New York, Jan. 
25-27, 1960, Paper 60-21. Members, $0.50; non- 
members, $1.00. 19 pp. USAF-sponsored deri- 
vation of differential equations and boundary con- 
ditions by taking into account the rotational inertia 
of the whole panel, the shearing deformation, and 
the viscoelastic damping of the core. The dynamic 
response of a simply-supported rectangular panel 
to a unit step function is first obtained, andthe gen- 
eral transient and steady-state response of the 
panel to an arbitrary input function is then express- 
ed in terms of the unit response by means of the 
convolution integral, It is shown that three fami- 
lies of modal shapes of vibration are possible for 
each nodal pattern of the panel. The frequencies 
and amplitudes of vibration of these three modes 
are discussed in detail for the case of an isotropic 
and elastic snadwich panel. 


KOLEBANIIA KRYLA MALOGO UDLINENIIA 
V DOZVUKOVOM POTOKE, T. K. Sirazetdinov. 
MVO SSSR VUZ Izv. Av. Tekh., No. 3, 1959, pp. 
16-23, In Russian. Derivation of an integral dif- 
ferential equation for a wing oscillating in a sub- 
sonic flow, and presentation of an approximate 
method for the case of small aspect-ratio wings. 
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The study is made under the assumption of a thin 
wing and small values of vibration and deformation, 
as well as of their frequency. Formulas are de- 
rived for the lifting force and moment of the wing 
section. The effect of profile thickness on pres- 
sure distribution over the oscillating wing is also 
calculated. 


THE EFFECT OF AN EXTERNAL SUPERSONIC 
FLOW ON THE VIBRATION CHARACTERISTICS 
OF THIN CYLINDRICAL SHELLS. H. M. Voss. 
IAS 28th Annual Meeting, New York, Jan. 25-27, 
1960, Paper 60-45. Members, $0.50;nonmembers, 
$1.00. 23 pp. 16 refs. Analysis of the effects of 
curvature on panel flutter. The problem is first de- 
fined on the basis of Reissner's shallow cylindrical 
shell vibration theory and piston theory air forces, 
The nature of the solution and its critical depend- 
ence on frequency are illustrated bya simple two- 
mode solution. The complexity of the frequency 
spectrum previously noted by several authors is 
emphasized in the inability to choose modes of 
maximum coupling, as is commonly done in other 
aeroelastic problems. Based on these results, 
the problem is recast in terms of the zero-air- 
speed frequencies. The solution is then outlined 
in terms of Gol'denveizer's equations for thin cy- 
lindrical shells, including mid-plane inertia, and 
determination of frequencies and damping of the 
modes as a function of the aerodynamic parameters, 


FUELS & LUBRICANTS 


CRYOGENIC PROPELLANT STORAGE FOR 
ROUND TRIPS TO MARS AND VENUS. G. R. 
Smolak and R, H. Knoll. IAS 28th Annual Meeting, 
New York, Jan. 25-27, 1960, Paper 60-23. Mem- 
bers, $0.50; nonmembers, $1.00. 23 pp. 14 refs. 
Study of sources of cryogenic propellant heating 
and methods for minimizing resultant vaporization 
losses. It is shown that propellant losses can be 
minimized by using thermal radiation shielding 
and by optimizing both stage orientation with re- 
spect to the Sun and tankage arrangement. Storage 
of cryogenics for several trips to Mars and Venus 
(including parking time in orbit) is found to be 
feasible using these thermal protection devices. 
Propellant vaporization losses for each phase of 
these trips are discussed. 


MATERIALS 
High Temperature 


THE PERFORMANCE OF ABLATION MATE- 
RIALS AS HEAT PROTECTION FOR RE-ENTER- 
ING SATELLITES. W. R. Warren andN. S. 
Diaconis. IAS 28th Annual Meeting, New York, 
Jan. 25-27, 1960, Paper 60-49. Members, $0.50; 
nonmembers, $1.00. 44 pp. 15 refs. USAF- 
sponsored discussion of probable advantages to 
be derived through the use of an ablation system 
for the heat protection of re-entering satellite ve- 
hicles. Results from experimental studies of 
three ablation materials - teflon, a phenolic resin 
reinforced with nylon, and a foamed polyurethane 
plastic - are presented and discussed. Experi- 
ments were run at two body stations, the stagnation 
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region and the skirt region; and three types of ex- 
perimental data are presented - insulated backwall 
temperatures, surface temperatures, and total 
mass losses. Experimental and theoretical veri- 
fications are given for the assumption that satis- 
factory simulation of a variable heating history can 
be obtained through the use of constant test condi- 
tions. 


Metals & Alloys 


BRITTLE FRACTURE AND THE YIELD POINT 
PHENOMENON. N. Louat and H. L. Wain. Aus- 
tralia, ARL Rep. Met. 32, Apr., 1959. 37 pp. 

47 refs. Further development of the modified the- 
ory on Cottrell-locking, including quantitative and 
qualitative comparison with experiment. A simple 
inversion of the equation relating yield point to 
testing temperature leads to a condition for brittle 
fracture which is examined in the light of recent 
experimental work, particularly on-iron, steel, 
molybdenum, and chromium. Theoretical predic- 
tions on the grain size, loading rate, work harden- 
ing, and variations in yield strength on the ductile- 
brittle transition temperature are shown to agree 
with experiment. 


MECHANICS 


SLOSHING OF LIQUIDS IN CIRCULAR CANALS 
AND SPHERICAL TANKS. Bernard Budiansky. 
J. Aero/Space Sci., Mar., 1960, pp. 161-173. 
USAF -supported calculation of the natural modes 
and frequencies of small-amplitude sloshing of 
liquids in partially filled tanks. An integral-equa- 
tion approach is used to analyze the circular canal 
for arbitrary depth of liquid. A similar approach 
for the spherical tank provides modes and frequen 
cies for the nearly full and half full cases. These 
results, together with the known behavior of the 
nearly empty tank, are used in conjunction with 
the trends established for the circular canal as a 
basis for estimating frequencies for arbitrary 
depth of liquid in the spherical tank. The dynamic 
analysis of the container-fluid system by means of 
the mode-superposition approach is discussed, and 
modal parameters required in such analyses are 
presented. 


MISSILE, ROCKET, & SPACE TECHNOLOGY 


SPECIAL ISSUE: A DISCUSSION ON SPACE 
RESEARCH. Royal Soc. (London) Proc., Ser. A, 
Dec. 29, 1959, pp. 450-541. 212 refs. Partial 
Contents: Some Problems Concerning the Terres- 
trial Atmosphere Above About the 100 km Level, 
D. R. Bates. Interplanetary Space and the Earth's 
Outermost Atmosphere, S. Chapman. Experiments 
on Cosmic Radiation by Means of Artificial Satel- 
lites, C. F. Powell. Space Research in Relation 
to the Moon and the Nearer Planets, T. Gold. 
Astronomical Observation with the Aid of Artificial 
Satellites, F. Hoyle. Radio Astronomical Meas- 
urements from Earth Satellites, A. C. B. Lovell. 
Performance, Control and Guidance of Satellite 
Vehicles, A. W. Lines. Radio Communication 
with a Lunar Probe, W. T. Blackband. Some 
Techniques of Physical Measurement, R. L. F. 
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Boyd. Self-Contained Measuring Equipment for 
Electron Density and Ionic Mass Spectrum, J. 
Sayers. Analysis of the Orbits of the Russian Sat- 
ellites, D. G. King-Hele. Survey of the state of 
knowledge on the different phenomena which are 
most susceptible to study by means of instru- 
mented satellites or space probes. Included are 
problems of lunar, solar, and planetary physics, 
Some of the limitations imposed by the require- 
ments of the guidance, control, and tracking of 
space vehicles, and of recovering data from them 
are considered. This is followed by a description 
of some instruments suitable for use within such 
vehicles. Somé results are given from the analy- 
sis of the data obtained in the orbit of the satellites 
and from measurements made with the instruments 
contained within them. 


STRUCTURAL CONSIDERATIONS OF MANNED 
SPACE VEHICLES. A. P. Coppa. (ARS 13th 
Annual Meeting, New York, Nov. 17-21, 1958.) 
ARS J., Jan., 1960, pp. 34-40. Discussion of ap- 
proaches leading to an optimum vehicle consid- 
ering the requirements of thermodynamics: and 
human factors, in addition to structures. The ne- 
cessity of early and thorough integration of these 
different requirements is emphasized. Several 
space vehicle configurations are presented, includ- 
ing a ballistic and a glide type, in order to exem- 
plify some of the various structural problems en- 
countered in each type during the phases of space- 
flight, entry into anatmosphere, and landing, These 
include aerodynamic heating and loading, meteoroid 
impact, and other problems. Materials and con- 
structions suitable for optimum space structures 
are discussed, 


A NOVEL SYSTEM FOR SPACE FLIGHT USING 
A PROPULSIVE FLUID ACCUMULATOR. S&S. T. 
Demetriades. (Northrop ND Rep. NB-59-16l, Dec. 
20, 1958.) Brit. Interpl. Soc. J., Sept. -Oct., 
1959, pp. 114-119. Description of a propulsion sys 
tem for spaceflight which can bring about signifi- 
cant decreases in the required take-off mass by 
collecting and storing gases in the upper atmos- 
phere of a planet and by using these gases as a 
propulsive fluid in conjunction with a power source 


EQUATIONS OF MOTION OF A MISSILE. 
Toyoshi Morozumi. Nihon U. Res. Inst. Tech. 
J., Oct., 1959, pp. 27-31. In Japanese. Study 
considering the missile as a rigid body having a 
moving coordinate system that is relative to a 
fixed coordinate system in space. General equa- 
tions of motion are derived which take into account 
the variation of mass due to the high rate of fuel 
consumption. Although direct solutions are ex- 
tremely difficult, simplified equations can be de- 
rived from the above for cases of certain motions. 


Ballistics, Re-Entry 


AN APPROXIMATION TO THE RE-ENTRY 
TRAJECTORY. M. M. Moe. ARS J., Jan., 1960, 
pp. 50-53. Presentation of an approximation which 
includes the effects of both air resistance and 
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gravity on the re-entry trajectory. An integral 
equation is written for the trajectory angle and the 


re-entry angle is used as atrial solution. The 
integrals can be evaluated if a constant drag coef- 
ficient and exponential atmospheric density are 
assumed. The approximation is good if the re- 
entry angle is greater than 5° and if the trajectory 
angle does not change greatly. Results for a wide 
range of weight-to-drag ratios and initial condi- 
tions are compared with exact solutions. 


ORBITAL ELEMENTS, TRAJECTORY SIMULA- 
TION, AND PREDICTION FOR EARTH SATEL- 
LITES. A. D. Wasel. (Lockheed Aircraft Missile 
Systems Div. Rep. LMSD-5026, June 25, 1958.) 
Brit. Interpl. Soc. J., Sept.-Oct., 1959, pp. 130- 
133. Presentation of the so-called orbital elements 
and indication of their notation. The forms of the 
equations of motion resulting from several differ- 
ent approaches are shown, and a trajectory simu- 
lation utilizing statistical methods is described. 
Several examples of possible techniques for deter- 
mining values of orbital elements for prediction 
purposes are detailed. Finally, combinations of 
various kinds of tracking data are listed. 


Guidance, Control, Stability 


MIDCOURSE GUIDANCE PROBLEM IN SATEL- 
LITE INTERCEPTION. I. A. J. Skalafuris and 
D. H. Schiller. ARS J., Jan., 1960, pp. 41-46. 
USAF -sponsored analysis of the midcourse guid- 
ance problem considering only two-dimensional ge- 
ometry and circular target orbits. Equations are de- 
veloped yielding the required velocity corrections 
necessary for interception as a function of the 
rocket's present position and velocity, relative to 
the target. Velocity corrections for different 
types of interception (minimum landing power, 
minimum midcourse power) are considered. 


MISSILE ORIENTATION ERRORS IN COM- 
MAND GUIDANCE SYSTEMS. K. C. Mathews. 
ARS J., Jan., 1960, pp. 46-50. Analysis of com- 
mand errors and performance degradation result- 
ing from tracker errors and angles of attack in 
two types of command guidance systems employing 
the roll autopilot control equation for orientation 
computations. It is shown that much smaller com 
mand errors are expected to occur in a system in 
which the roll autopilot keeps the time integral of 
roll rate equal to zero, than in a system in which 
the roll autopilot maintains perpendicularity be- 
tween one wing plane and a fixed inertial reference 
plane. 


A STUDY OF THE GUIDANCE OF A SPACE 
VEHICLE RETURNING TO A BRAKING ELLIPSE 
ABOUT THE EARTH. J. A. White. US, NASA 
TN D-191, Jan., 1960. 65 pp. Analysis assuming 
random errors in the measurement of velocity and 
flight-path angle and in obtaining the desiredthrust 
impulse. Three methods for scheduling and apply 
ing corrective impulses are investigated on the 
basis of efficiency and accuracy. The first method 
scheduled thrust corrections as a function of the 
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radial distance from the vehicle to the center of 
the earth; the second method scheduled the correc- 
tions as a function of flight time; and the third, 
as a function of the angle between perigee and the 
vehicle position vector. The third method appears 
to provide the best perigee altitude control, For 
the three methods studied, an error in the flight- 
path angle had a predominant effect over errors in 
velocity and thrust impulse. It was found that, 
although the trajectory was changed at each point 
of correction, the radial distance and the instru- 
mentation accuracy at the final correction point 
before perigee determined the first-pass perigee 
altitude. 


Spacecraft 


THE CALCULATION OF MINIMAL ORBITS. 
G. C. Smith. Astronautica Acta, Fasc. 5, 1959, 
pp. 253-265. Derivation of solutions for the equa- 
tions determining the mode of transfer of a rocket be- 
tween two coplanar orbits with minimal fuel ex- 
penditure, for a number of different cases. Proof 
is included that a cotangential ellipse is a first- 
order approximation to the minimal mode of trans- 
fer between two orbits of small eccentricity. 


THE THREE-BODY PROBLEM EARTH - 
MOON - SPACESHIP, W. Grdébner and F. Cap. 
(10th Internatl. Astron. Congr., London, Aug. 
31-Sept. 5, 1959.) Astronautica Acta, Fasc. 5, 
1959, pp. 287-312. Derivation of a solution of 
the astronomical n-body problem using Lie series, 
First, the solutions of the two-body problem are 
discussed, and then the solution of the three-body 
problem is given in which a decomposition of the 
Lie operator is useful. Two different numerical 
methods of computation are outlined. 


A GENERALIZATION OF THE MINIMUM IM- 
PULSE THEOREM TO THE RESTRICTED THREE- 
BODY PROBLEM. L. G. Vargo. Brit. Interpl. 
Soc. J., Sept.-Oct., 1959, pp. 124-126. Establish+ 
ment of a relation between the path variables in 
the restricted three-body problem which minimizes 
the velocity addition required to cause a given 
change in the value of the Jacobi integral. The 
result is compared to the classical two-body case 
and applied to a lunar orbit problem of practical 
significance. The theorem is shown to be useful 
as a means of analyzing the complex interaction 
of propulsion requirements and three-body trajec- 
tories. 


ORBITS OF COSMIC ROCKETS TOWARD THE 
MOON. L..I. Sedov. (ARS Annual Meeting, 
Wash., Nov. 17, 1959.) ARS J., Jan., 1960, pp. 
14-21. Discussion of the fundamentals of space 
flight, including the basic requirements of propul- 
sion, guidance, and take-off conditions. The col- 
lision case is considered, and the properties of a 
set of trajectories, sufficiently accurate for use in 
the solution of some practical problems, are listed 
Available data on the orbits of the three Soviet 
cosmic rockets are also given. 
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POWER PLANTS 


EXPERIMENTAL INVESTIGATIONS OF PLAS- 
MA ACCELERATORS FOR SPACE VEHICLE 
GUIDANCE AND PROPULSION. B. Gorowitz, 

K. Moses, and P. Gloersen. (4th Ballistic Mis- 
siles & Space Tech. Symposium, Los Angeles, 
Aug. 26, 1959.) G-E MSVD AL TIS R59SD466, 
Nov. 23, 1959. 24 pp. Description of studies 
concerning the possible application of a pulsed 
plasma acceleration device for space propulsion 
and attitude control. The laboratory model uses 
an electric discharge to create a plasma which is 
electromagnetically accelerated into a high vacu- 
um chamber. A valve is devised which serves the 
dual purpose of introducing the minute amounts of 
propellant required while obviating the need for 
external switching of the discharge. Specific im- 
pulses obtained with the accelerator are in the 
range of 1,000-20,000 sec. Measurements indicate 
efficiency of conversion of stored electrical energy 
to mechanical energy up to 60%. 


UBER DAS RICHTEN INTERSIVER PHOTONEN- 
STRAHLEN MITTELS ELEKTRONENGASSPIE- 
GEL, Eugen Sanger. (10th Internatl. Astron. 
Congr., London, Aug. 3l-Sept. 5, 1959.) Astro- 
nautica Acta, Fasc. 5, 1959, pp. 266-286. 30 
refs. In German. Study on the direction of intense 
photonic beams by electron gas mirrors. Radia- 
tion intensities of roughly 10? cal. /cm# sec., as 
required for photonic propulsive jets, can be re- 
alized through black radiation of heavy plasmas of 
150,000°K. To direct in parallel and to focus this 
radiation, reflection degrees of at least 1-10~° with- 
in the wave length range between 1077 and 107* cm. 
are required of the reflectors. To realize the 
electron densities of roughly 10° cm?” required 
for mirrors of such a reflective power, heavy 
compression shocks of plasma and/or compression 
shocks of pure electron gas are recommended. 


Jet & Turbine 


SCALE EFFECT ON WALL TEMPERATURE 
IN A GAS TURBINE SPRAY COMBUSTION CHAM- 
BER. M. V. Herbert and J. A. Bamford. Gt. 
Brit., NGTE Memo. M.326, Oct., 1959. 19 pp. 
Description of measurements of primary zone wall 
temperatures on two aircraft pattern combustion 
chambers with a scale ratio of 2. An analysis of 
the heat transfer process with respect to linear 
scale and pressure enables trends to be established 
over a wide range of conditions. It is shown that 
the established scaling technique - in which pres- 
sure is varied inversely as linear scale, and gas 
temperatures and velocities are kept constant - 
does not give exact similarity in wall tempera- 
tures. The discrepancy is, however, much less 
than would result from holding the pressure con- 
stant with a varying scale. 


Rocket 


CHEMICAL NONEQUILIBRIUM EFFECTS ON 
HYDROGEN ROCKET IMPULSE AT LOW PRES- 
SURES. J. G. Hall, A. Q. Eschenroeder, and 
T. J. Klein. Cornell Aero. Lab. Rep. AD-1118-A- 
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8 (AFOSR TN 59-1192), Nov., 1959. 10 pp. De- 


scription of calculations of nonequilibrium hydro- 
gen flows for a lower range of pressures, as well 
as a wider range of temperatures and nozzle ge- 
ometry, than previously considered. An approxi- 
mate method of analysis is used, involving a local 
relaxation length criterion for determining the 
freezing of gas composition, the criterion being 
evaluated on the basis of corresponding equilibrium 
flow solutions. Comparisons with exact numeri- 
cal solutions show the criterion to give an accurate 
prediction of the frozen dissociation level. 


STUDIES OF CHEMICAL NONEQUILIBRIUM 
IN HYPERSONIC NOZZLE FLOWS. Appendix - 
ASYMPTOTIC SERIES SOLUTION FOR LARGE 
AREA. J. G. Hall and A. L. Russo. Cornell 
Aero. Lab. Rep. AD-1118-A-6 (AFOSR TN 59-109, 
Nov., 1959. 59 pp. 20 ‘refs. Description of a- 
nalyses made of chemical nonequilibrium effects 
in pseudo-one-dimensional nozzle flows where the 
working fluid is a mixture of a dissociating species 
and inert diluent. Numerical examples computed 
on a high-speed digital machine are given for the 
critical flow of pure oxygen at a reservoir tem- 
perature of 5,900°K. over a wide range of reser- 
voir pressures. The characteristic featute of all 
solutions is discussed, and approximate methods 
are given for analyzing such flows on the basis of 
infinite reaction-rate solutions. Applications are 
made to nonequilibrium airflow in hypersonic wind 
tunnel nozzles and to nonequilibrium hydrogen flow 
at conditions relevant to space-flight propulsion. 
It is found that high reservoir pressures are es- 
sential to avoid significant nonequilibrium effects 
in hypersonic wind tunnel test flows of air and in 
rocket nozzle flows using hydrogen-like propel- 
lants. For the rocket nozzle, the net effect of 
nonequilibrium is to make the specific impulse for 
infinite expansion ratio only weakly dependent on 
chamber pressure for a given chamber tempera- 
ture. 


EXPERIMENTAL INVESTIGATION IN AN AL- 
TITUDE TEST FACILITY OF BURNING OF EX- 
CESS COMBUSTIBLES IN A ROCKET ENGINE 
EXHAUST. H. E. Bloomer, P. E. Renas, and 
R. J. Antl. US, NASA TN D-200, Jan., 1960. 
25 pp. Description of experiments on a 333-lbs. - 
thrust rocket engine using JP-4 fuel and gaseous 
oxygen as propellants. Four afterburning configu- 
rations using bypass air as the oxidant and one 
using gaseous oxygen were tested. Gas samples 
were obtained from the rocket exhaust over the 
following ranges of variables: altitude pressure 
of 1-10 lbs. per sq. in., and rocket oxidant-fuel 
ratio of 1.80-3.20. Results show that combusti- 
bles can be burned over a range of variables cov- 
ered, within a length of 38 rocket nozzle exit di- 
ameters. Burning these combustibles becomes 
easier as: (a) ambient pressure becomes higher; 
(b) excess air or oxygen (beyond air stoichiomet- 
ric) is added; (c) more length is allowed for com- 
bustion; and (d) the air or oxygen is directed into 
the rocket exhaust rather than mixing unassisted. 


CONSIDERATIONS IN THE DESIGN OF CHEMI- 
CAL ROCKET POWERPLANTS FOR SPACE AP- 
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PLICATIONS. Stanley Lehrer. IAS 28th Annual 


London, June 5, 1959.) Helicopter Assn. Gt. Brit. 


Meeting, New York, Jan. 25-27, 1960, Paper 60- 
24, Members, $0.50; nonmembers, $1.00. 23 pp. 
Study of high-performance space rocket power plants 
that are capable of being throttled and refired. 
Because of the zero ambient pressure, modifica- 
tions are required to a number of normal perform- 
ance, cooling, and hardware concepts on which 
earthbound powerplants are judged. Some of the 
factors considered include the following: (1) selec- 
tion of engine type and basic design, (2) selection 
of propellants, (3) multiple start-shutdown capa- 
bility, (4) throttling schemes - as related to per- 
formance and cooling, and (5) environmental fac- 
tors. Other pertinent considerations include the 
use of advanced high temperature materials and 
lightweight corrugated or other composite construc- 
tions, suitability for manned application, optimum 
propellant tank pressurization techniques, and 
power-plant installation considerations. 


RESEARCH, RESEARCH FACILITIES 


Wind Tunnels 


INTERFERENCE ON A THREE-DIMENSIONAL 
JET-FLAP WING IN A CLOSED WIND TUNNEL. 
E. C. Maskell. Gt. Brit., RAE TN Aero. 2650, 
Aug., 1959. 18 pp. Extension of the classical 
theory of wind-tunnel interference to cover the 
case of a full-span jet flap at the trailing edge of 
a high aspect ratio unswept wing. It is shown that, 
for small constraint, corrections A Cy and 4 @ 
must be added to the observed jet momentum coef- 
ficient and wing incidence, respectively. These 
corrections are derived together with the corre- 
sponding corrections to the observed lift andthrust 
coefficients. Corrections to the observed down- 
wash field over a limited interval downstream of 
the trailing edge of the wing are also derived. 
These lead to a corrected jet path and a downward 
displacement of the downwash pattern, in addition 
to the direct increment to the observed downwash. 
Corresponding corrections to tail height and setting 
are also given. 


QUASI-STEADY DERIVATIVES FOR THE SUB- 
SONIC FLOW PAST AN OSCILLATING AEROFOIL 
IN A POROUS WIND TUNNEL. D. G. Drake. 
Aero. Quart., Aug., 1959, pp. 211-229. Inves- 
tigation of compressible subsonic flow about an 
oscillating, two-dimensional airfoil between porous 
walls, and development of aerodynamic derivatives 
for pitching motion about the mid-chord of the 
airfoil, The expressions for the derivatives in- 
clude as special cases those of the closed tunnel 
and the open jet, corresponding to zero and infinite 
porosity, respectively. The possibility of elimi- 
nating and reducing the interference effects of the 
tunnel walls on the lift and moment forces acting 
uvon the airfoil is also discussed. 


ROTATING WING AIRCRAFT, HELICOPTERS 
SOME DESIGN ASPECTS OF TANDEM ROTOR 


HELICOPTERS. I, U. J. D. Sibley and C. H. 
Jones, (Helicopter Assn. Gt. Brit. Meeting, 
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J., Oct., 1959, pp. 225-251; Discussion, pp. 252- 
261. 13 refs. Discussion of aerodynamic and dy- 
namic aspects in the development of Bristoltandem 
helicopters. Significant factors in performance, 
control, and stability are presented. In addition, 
design aspects of a proposed tandem helicopter 
using a wing to off-load the rotor at high speeds 
are presented. Some of the dynamics problems 
examined are those of the transmission and engine 
control, undercarriage and ground resonance, and 
the effect of the flying control circuit on blade flut- 
ter and forced vibration. 


AERODYNAMIC PARAMETERS SELECTION IN 
HELICOPTER DESIGN. I. A. Sikorsky. (4th In- 
ternatl. Aero. Congr. on Rotary Wings & Vertical 
Flight, Paris, June 15-19, 1959.) AHS J., Jan., 1960, 
pp. 41-60. 61 refs. Presentation of fundamental 
equations and charts for selecting major aerody- 
namic parameters and showing the fundamental 
relationship between these parameters. Aerody- 
namic considerations are examined in hovering 
and vertical flight with formulas and charts for 
preliminary estimation of thrust and power re- 
quired. Selections of diameter, solidity ratio,and 
tip speed are also included. The determination of 
hovering ceiling and approximate maximum thrust 
capacity of the rotor is also treated. Aerodynamic 
considerations in forward flight are examined to 
show the importance of high cruising speed in the 
economics and in the competitive ability of the 
helicopter. Determination of approximate capacity 
of the rotor and absolute ceiling is included. The 
limitations imposed by stall and compressibility 
in hovering, vertical climb, and forward speed 
are shown along with the limitations due to weight, 
size, and economic considerations. The conclusion 
is that the requirements for efficient and smooth 
operation at high speed conflict with hovering re- 
quirements, that aerodynamic efficiency con- 
flicts with structural efficiency, size, andweight 
limitation, so that a design compromise must be 
achieved. 


SOME OBSERVATIONS ON THE DYNAMIC 
BEHAVIOR OF EXTREMELY FLEXIBLE ROTOR 
BLADES. R. L. Goldman. IAS 28th Annual Meet- 
ing, New York, Jan. 25-27, 1960, Paper 60-44. 
Members, $0.50; nonmembers, $1.00. 15 pp. 
Study of dynamic stability problems for flexible, 
light-weight rotor blades with low disc loadings, 
whose rigidity is maintained not by the structure 
but by the centrifugal stiffening effects associated 
with a rotating system. It is shown theoretically 
that the flutter and divergence boundaries for this 
blade are virtually independent of rotor speed, 
while the location of the elastic axis is the major 
dynamic stability parameter. The analytical re- 
sults are substantiated by correlation with the re- 
sults of a test program using a dynamically scaled 
model rotor blade. 


DYNAMIC ABSORBERS IN THE ROTATING 
SYSTEM OF HELICOPTERS. R. R. Lynn. LAS 
28th Annual Meeting, New York, Jan. 25-27, 1960, 
Paper 60-28. Members, $0.50; nonmembers, 
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$1.00. 17 pp. Summary of recent investigations 
of vertical and in-plane dynamic absorbers in the 
rotating system. Results show that rotating ab- 
sorbers can significantly alter the response char- 
acteristics of a rotor system. The inherent damp- 
ing of that system is shown to be an important fac- 
tor in defining these response characteristics. In 
many cases, important reductions in rotor stress- 
es and/or pylon vibrations can be obtained by the 
use of such a device. It is shown that these results 
may be predicted by a simple nonrotating coordi- 
nate analysis, as well as by a more complex ro- 
tating coordinate analysis. Flight tests with a 
two-bladed rotor show that an in-plane hinged bar 
absorber can serve also as a gyro-stabilizer for 
the helicopter. 


STRUCTURES 


SOME ASPECTS OF DESIGNING ALUMINUM 
STRUCTURES FOR THERMAL ENVIRONMENTS. 
J. M. Cord and A. B. Burns. IAS 28th Annual 
Meeting, New York, Jan. 25-27, 1960, Paper 60-7. 
Members, $0.50; nonmembers, $1.00. ll pp. 
Presentation of some general design aspects of 
extending the use of aluminum structure into the 
Mach 2.0 to Mach 3.0 region. A method is pre- 
sented for determining the tensile yield and ulti- 
mate strength of aluminum alloys after exposure 
to a spectrum of elevated temperatures. This cu- 
mulative strength deterioration method uses the 
generally available strength versus exposure tem- 
perature time curves, and a simple logical rela- 
tionship to account for multiple exposures. 
test program devised to substantiate the method 
showed good correlation. The method has applica- 
tion in establishing new designs, in checking the 
effects of different thermal environments of an 
existing design, and as a time and cost saving ap- 
proach to elevated temperature structural testing. 


Cylinders & Shells 


FLEXURE OF THIN-WALLED CIRCULAR CY- 
LINDRICAL SHELLS. Appendix I - SOLUTION 
OF THE ELASTIC PROBLEM FOR A THIN- 
WALLED CIRCULAR CYLINDRICAL SHELL OF 
INFINITE LENGTH IN WHICH THE ONLY FORCE 
ACTING ON THE SHELL IS A UNIFORM PRES- 
SURE ON ITS INNER SURFACE. Appendix II - 
RELATION OF W TO THE MEAN ANGLE OF RO- 
TATION OF A CROSS-SECTION OF A THIN- 
WALLED CIRCULAR CYLINDRICAL SHELL. Ap- 
pendix III - ERRORS ARISING FROM ACCURACY 
LIMITATIONS IN THE ELECTRONIC ANALOGUE 
COMPUTER WHEN SOLVING THE FLEXURAL 
EIGENVALUE PROBLEM FOR A UNIFORM 
"FREE-FREE" BEAM (SIMPLE BEAM THEORY). 
W. G. Hughes. Gt. Brit., RAE TNG.W. 525, 
Sept., 1959. 75 pp. Application of the approxima- 
tions of membrane theory to develop equations 
which may be regarded as a direct extension ofthe 
equations of beam theory. The case of such a shell 
filled by a liquid mass is considered. Included is 
a comparison between shell and beam theory, as 
well as between a hydrodynamic and a simpler 
treatment of the liquid mass. The use of ananalog 
computer is considered for the solution of eigen- 
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value problems associated with flexural vibrations 
of shell and beam structures. 


TORSION AND EXTENSION OF HELICOIDAL 
SHELLS. J. K. Knowles and Eric Reissner. 
Quart. Appl. Math., Jan., 1960, pp. 409-422. 
ONR-supported analysis of the problem of rota- 
tionally symmetric deformations of thin elastic 
shells, the middle surface of which is a portion of 
a right helicoid. Particular consideration is given 
to the problem of a uniformly pretwisted thin strip 
which is acted upon by tractions which result in 
equal and opposite axial forces F, and equal and 
opposite axial torques T. The connection is es- 
tablished between rotationally symmetric states of 
strain which depend on states of displacement that 
are not rotationally symmetric. The relations 
between the applied force and torque on the one 
hand and the angle of elastic twist and the relative 
axial extension on the other hand are presented. 
These results generalize the earlier work of 
Chen Chu regarding the torsional rigidity of the 
strip. 


RASCHET ORTOTROPNOI KONICHESKOI 
OBOLOCHKI NA PROIZVOL'NUIU VNESHNIUIU 
NAGRUZKU PO METODU V. Z. VLASOVA. 

V. A. Sibiriakov. MVOSSSR VUZ Izv. Av. Tekh., 
No. 2, 1959, pp. 72-82. In Russian. Derivation 
of equations for the calculation of conical shells 
subjected to an arbitrary external loading, such 
as would be encountered in the case of a nosecone, 
The general theory of Vlasov is used to determine 
the state of stress and deformation of the ortho- 
tropic conical shell. On the basis of physical hy- 
potheses of this theory, related to the orthotropic 
semimomentless shells of medium length, only 
transverse bending moments are considered. The 
equilibrium equations are derived; the positive 
directions of forces and displacements are given; 
the method of successive approximations is used 
to derive the solution for the equation describing 
the state of elastic stress and deformation for the 
conical shell with deformed contour in the absence 
of shear deformation. An illustrative example is 
presented for various boundary conditions. 


Fatig ue 


THE STATISTICAL BASIS OF LOADING SPEC- 
TRA FOR FATIGUE DESIGN CRITERIA, Innes 
Bouton. (USAF Fatigue Aircraft Struc. Symposi- 
um, Dayton, Aug. 13, 1959.) Aero/Space Engrg., 
Mar., 1960, pp. 53-57, 64. 21 refs. Discussion 
of the requirements for synthesizing loading spec- 
tra for new systems and the problems involved in 
calculating such spectra. It is concluded that 
there is still a need for a large-scale- program to 
gather statistical data for loading spectra and for 
devising methods to utilize the statistical data in 
the design criteria. Statistical data on the eight pa- 
rameters established for the present eight-channel 
data recording program form the minimum basis 
for rational fatigue criteria. The loading spectra 
usually must establish two functions. First, the 
past history of an aircraft at any time in its life 
must be determinable statistically in order to de- 
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termine the probable strength level (fatigue dam- 
age) of the structural elements at all times during 


the lifetime of the aircraft. Second, the probabili- 
ty of encountering a given magnitude load at any 
given time in the history of the component must be 
known in order to compute the probability at any 
given time. The aircraft probability of failure and 
its inverse, structural reliability, are the sum 
total of all the probabilities of failure during the 
previous history of the aircraft. 


RAPID CRACK GROWTH IN SHEET STRUC- 
TURE. E. J. Zapel. IAS 28th Annual Meeting, 
New York, Jan. 25-27, 1960, Paper 60-ll. Mem- 
bers, $0.50; nonmembers, $1.00. 13 pp. Discus- 
sion of the general problem of crack propagation 
and presentation of an outline on the development 
of the strain energy release rate equations. A 
nomograph simplifying strain energy failure cal- 
culations is presented. Predicted gross area fail- 
ure stress versus crack length curves are plotted 
for the family of E dW/dA values common to struc- 
tural materials. A tabulation of E dW/dA values 
for several materials is given. The influence of 
stringer frame design upon the energy release 
rate is discussed in general terms, and an experi- 
mental means of determining this influence is pro- 
posed. 


Plates with Holes 


STRESSES AROUND REINFORCED ELLIPTI- 
CAL HOLES, WITH APPLICATIONS TO PRES- 
SURE CABIN WINDOWS. W. H. Wittrick. Aero. 
Quart., Nov., 1959, pp. 373-400. Analysis using 
complex variable methods of the stress distribu- 
tion due to an elliptical hole, reinforced around its 
boundary, in a plane sheet subjected at infinity 
either to an arbitrary constant stress system orto 
a bending type stress system. Numerical results 
were obtained for a wide range of parameters, in- 
cluding three different shapes of ellipse and ten 
different amounts of reinforcement. These results 
are used to investigate the stress concentrations 
which arise at elliptical pressure cabin windows and 
are due to the pressurization stresses. Itis shown 
that, for each shape of ellipse, there is alimitto the 
reduction in stress concentration factor which can 
be achieved by increasing the weight of reinforce- 
ment; beyond this the stress concentration factor 
rises again. 


Thermal Stress 


THE INTRODUCTION OF CREEP INTO STRUC- 
TURAL ANALYSIS. Carlo Riparbelli. IAS 28th 
Annual Meeting, New York, Jan. 25-27, 1960, Pa- 
per 60-9. Members, $0.50; nonmembers, $1.00. 
19 pp. 17 refs. USAF-supported presentation of a 
numerical method for considering the effects of 
creep in the stress analysis of a redundant struc- 
ture. The range of plastic strain to be considered 
is discussed and defined. A representation of the 
Creep law in the form of a modified viscosity e- 
quation is proposed; it is subject to revision de- 
pending on the results of tests in progress. The 
creep rates to be introduced for biaxial stress dis- 
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tributions are computed from data available from 
uniaxial tests according to the von Mises-Prager 
condition. Calibration tests from substructures 
are preferred to obtain directly the creep rates to 
be introduced in the numerical analysis. 


. 


THERMAL STRESSES IN MISSILE NOSE CONES, 
Appendix I - SUMMARY OF ASSUMPTIONS LEAD- 
ING TO THE UNCOUPLING OF THE TEMPERA- 
TURE AND STRESS DISTRIBUTION PROBLEMS. 
Appendix II - EXTENSION TO TEMPERATURE- 
DEPENDENT MATERIAL PROPERTIES. A. J. A, 
Morgan and C. H. Christensen. (IAS 28th Annual 
Meeting, New York, Jan. 25-27, 1960.) IAS,SMF 
Fund Paper No. FF-24, 1960. Members, $1.00; 
nonmembers, $2.00. 56 pp. 22 refs. Army- 
sponsored development of a general computational 
scheme for the determination of thermal displace- 
ments and stresses within multi-material bodies 
of axial symmetry. It is assumed that there 
has been previously given a set of temperature- 
distribution measurements and/or calculations. 
The method is applicable to "arbitrary" axially 
symmetric (solid or hollow) bodies, for which it 
may be necessary to use a discontinuous metric 
tensor to describe their geometry in two adjoining 
regions, under arbitrarily assigned time-dependent 
thermal, constraint, or loading boundary conditions. 
The numerical results of the theory are exact 
within the limits of linear thermoelasticity theory 
for generalized Duhamel-Neumann materials. 


THERMODYNAMICS 


THERMODYNAMIC PROPERTIES OF AIR IN 
THE TEMPERATURE INTERVAL FROM 1000 TO 
12,000 K AND THE PRESSURE INTERVALS FROM 
0.001 TO 1000 atm. E. V. Stupochenko, I. P. 
Stakhanov, E. V. Samuilov, A. S. Pleshanov, and 
I, B, Rozhdestvenskij. ARS J. Suppl., Jan., 
1960, pp. 98-112. 19 refs. Translation. Investi- 
gation covering methods to calculate the statistical 
sums for atoms, molecules, and their ions; spec- 
troscopic constants used in the calculation of sta- 
tistical sums; effect of ionization, Coulomb inter- 
action, and degeneracy of electron gas on values 
of thermodynamic functions; formulas for calculat- 
ing the enthalpy, specific heat, and equilibrium 
constants in the temperature interval from l, 000° 
to 12,000°K.; solution of equations of chemical 
equilibrium of ideal gas systems; and thermody- 
namic analysis of reacting ideal gas systems in 
equilibrium state. 


TRANSPORT PROPERTIES OF HIGH-TEM- 
PERATURE MULTICOMPONENT GAS MIXTURES. 
E. A. Mason, J. T. Vanderslice, and J. M. Yos. 
Phys. Fluids, Nov.-Dec., 1959, pp. 688-694. 23 
refs. USAF-supported investigation of some modi- 
fications in the kinetic theory of gaseous transport 
properties which are necessary to take account of 
effects encountered at high temperatures. It is 
shown that the results of classical kinetic theory 
can be kept in the same form, but the cross sec- 
tions or collision integrals have to be computed 
differently. It is pointed out that the present modi- 
fications are valid to all orders of Chapman-Enskog 
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approximation. It is also shown that excitation 
exchange is important in determining the transport 
properties of mixtures at high temperatures, and 
the method of calculation of the excitation exchange 
probability is extended to cases for which multiple 
interaction curves are involved. 


Combustion 


THE IGNITION OF GASES BY HOT WIRES. 
L. E. Ashman. Arthur D. Little, Inc., Rep. 
(AFOSR TR 59-173), Nov. 15, 1959. 14 pp. 17 
refs. Presentation of results of studies carried 
out to clarify some of the concepts related to ig- 
nition by small sources. The hot-wire method is 
useful because, within the boundary layer near a 
hot source, heat is transferred by pure conduction; 
thus, the theories of Frank-Kamenetsky and Seme- 
nov are valid. The theory predicts that the igni- 
tion temperature must increase as the size of the 
source decreases. Anomalies appear, however, 
when the wire size is reduced beyond a certain 
point, depending on the composition of the gas. 
These anomalies are apparently caused by the de- 
pletion of reactants near the surface of very small 
sources. Both normal and anomalous effects are 
observed in the studies. 


INTERACTION BETWEEN A FLAME AND A 
SHOCK DISCONTINUITY. G. D. Salamandra. 
ARS J. Suppl., Jan., 1960, pp. 73-76. Transla- 
tion. Description of tests and apparatus used to 
investigate the interaction between the front of a 
flame propagating in closed chambers and a shock 
wave produced ahead of the flame front as a result 
of cumulation of disturbances produced by the flame 
in the fresh gas. Hydrogen-oxygen mixtures, con- 
taining 25%, 33.3%, 50%, 66.6%, and 70% hydro- 
gen, were used. The process was photographed 
by two methods: (a) the method of scanning and 
(b) the method of high-speed motion picture photo- 
graphy. 


FORMATION OF A SHOCK DISCONTINUITY 
AHEAD OF A FLAME FRONT. G. D. Salamandra 
and O. A. Tsukhanova. ARS J. Suppl., Jan., 
1960, pp. 66-72. 16 refs. Translation. Experi- 
mental investigation covering the phenomenon of 
formation of a shock discontinuity ahead of a flame 
front. A comparison between the behavior of the 
process in round and rectangular chambers is 
made in order to define the effect of the chamber 
cross-sectional shape. An analysis of the results 
is included, and details are given on the use of the 
graphic method of characteristics in the solution 
of the problem of unsteady one-dimensional flow 
of gas ahead of the flame front. 


CHEMICAL SAMPLING DOWNSTREAM OF 
LEAN, FLAT HYDROGEN AND PROPANE 
FLAMES. B. D. Fine. US, NASA TN D-198, 
Dec., 1959. 25 pp. ll refs. Determination of de- 
cay profiles for carbon monoxide and for hydrogen 
downstream of lean, flat propane-air, propane- 
oxygen-argon, hydrogen-air, and hydrogen-oxygen 
argon flames. Both carbon monoxide and hydrogen 
were present in large excess of equilibrium a- 
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mounts. Sampling was done by uncooled quartz 
orifice probes and the analysis was performed by 
gas chromatography. Consideration of effects of 
diffusion and of chemical reactions within the 
probe showed that decay profiles could be con- 
verted to time rates of decay in the burned gas. 
For both hydrogen and carbon monoxide, lower 
decay rates were found with argon as a diluent 
than with nitrogen. 


VTOL & STOL 


THE AERODYNAMIC APPRAISAL OF STOL/ 
VTOL CONFIGURATIONS. R. J. Vidal, A. So- 
wyrda, and R. A. Hartunian. IAS 28th Annual 
Meeting, New York, Jan. 25-27, 1960, Paper 60- 
37. Members, $0.50; nonmembers, $1.00. 78 
pp. 49 refs. Army-sponsored study of methods 
for estimating the characteristics of different 
STOL/VTOL configurations, emphasizing the ef- 
fects of interactions between the lifting system and 
the propulsion wake. Certain aspects of the de- 
flected slipstream configuration have been treated, 
and it is concluded that the classical model of a 
tubular propulsive jet cannot be physically realiz- 
ed. The velocity gradients due to the wing alter 
the solenoidal vortices defining the jet to form 
secondary or trailing vortices on the jet boundary, 
The effect of vertical gradients of velocity present 
in a propeller slipstream is discussed, and the 
theoretical and experimental results for the two- 
dimensional case show that there is an interaction 
effect associated with the slipstream velocity gra- 
dients and the wing thickness and camber which 
results in increased lift. 


POTENTIAL OF THE AIR-CUSHION VEHICLE, 
R. P. Jackson and M. F. Southcote. (IAS 28th 
Annual Meeting, New York, Jan. 25-27, 1960, Pa- 
per 60-15.) Aero/Space Engrg., Mar., 1960, pp, 
40-47, 65. Abridged. Army-supported summary 
of estimates on the gross power requirements of 
air-cushion vehicles and comparison with other 
modes of transportation. The work is extended to 
include estimates of the payload-range capability 
of air-cushion vehicles. These payload-range 
characteristics are compared with a summary of 
the payload-range characteristics of some of the 
existing transportation systems. These data are 
then utilized to illustrate the working rate capabil* 
ty of “off-the-road" air-cushion vehicles. 


PROPELLER EFFECTS ON THE STABILITY 
AND CONTROL OF VTOL AIRCRAFT. H. E. 
Payne, Ill. Aero/Space Engrg., Mar., 1960, pp. 
48-52, 64. 14 refs. ONR-sponsored investigation 
conducted over a range of tilt angles from 0° to 
90° for the forces and moments acting on a pro- 
peller. It is found that the normal force and pitch 
ing moment acting at the propeller hub are of con- 
siderable magnitude and must not be neglected in 
any analysis of VTOL/STOL aircraft which incline 
the propeller over 15° for take-off and landing. 
Thrust variation with forward velocity and pitch 
angle is another factor which must be considered 
in any analysis of tilt-wing or tiltable propeller 
aircraft configurations. 
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The Fourier Transform 
Difference Equations and its Applications. 
Ivo Babuska. Arch. Mech. Stosowanej, No. 4, 
1959, pp. 349-381. Presentation of a theory for 
one-dimensional Fourier transforms of mesh 
functions and its application to difference 
equation problems. 


in the Theory of 


Mechanics 
A Practical Guide to the Mobility Method. 


I—Basic Concepts and Definitions. R. P 
Thorn. Mach. Des., Dec. 10, 1959, pp. 144-157. 
Description of the mobility method representing a 
powerful tool for the dynamic analysis of mechani- 
cal systems. 


A Practical Guide to the Mobility Method. 
l—Mechanical-Network Analysis. R. P. Thorn. 
Mach. Des., Dec. 24, 1959, pp. 104-111. 


Impact of High Speed Particles with Solids and 
Gases. M. C. Kells and D. D. Keough. RI 
Final Rep. (AFCRC TR 59-219) [AD 210935), 
Dec. 15, 1958. 42 pp. Development of a tech- 
nique for providing quantitative measurement of 
hypervelocity cratering variables using particles 
of sizes less than about 150 microns. This is 
accomplished by perfecting an explosive accelera- 
tion system in which deleterious blast effects have 
been eliminated, particle breakup has been 
minimized, and in which velocity measurements 
do not affect the particle significantly. Large 
differences in craters produced by hypervelocity 
single particle impacts in plastics, metals, and 
brittle materials were demonstrated. 

Pewne Zagadnienie Statecznoéci Dynamicznej 
Preta Pryzmatycznego z Masq na Kocfu. 
Kazimierz Piszezek. Rozprawy Inéynierskie, 
No. 2, 1959, pp. 145-166. In Polish, with sum- 
maries in English and Russian. Analysis con- 
sidering the dynamic stability of straight pris- 
matic bars with a mass attached to the end and 
two types of boundary conditions: hinged support 
and clamping with the possibility of moving the 
end with attached mass. Shear forces and geo- 
metrical nonlinearity are taken into consideration. 


Meteorology 


Meteorology in Plans and Operations. 
Roberts and Alvan Bruch. Air U. Quart. Rev., 
Summer, 1959, pp. 67-79. Development of a 
general weather support doctrine aimed particu- 
larly at the problem of preparation and use of 
weather forecasts in the planning and execution of 
military operations. 

Clear Air Turbulence. Joseph Clodman and 
J. T. Ball.k NYU Coll. Eng. Res. Div. Dept. 
Meteorology & Oceanography Final Rep. (AFCRC 
TR 59-260), June, 1959. 48 pp. 51 refs. Quali- 
tative investigation of the anisotropy of high 
level turbulence by means of simultaneous 
subjective reports and airspeed cell measure- 
ments. It is concluded that anisotropy occurs, 
especially in the stratosphere, and that aircraft 
bumpiness may be caused by horizontal gusts. 


La Turbolenza alle Alte Quote. Andrea 
Baroni. Riv. Meteorologia Aero., Oct.-Dec., 1959, 
pp. 37-40. 12 refs. In Italian. Survey of 
experimental results on the turbulence at high 
altitudes and discussion of its effect on navigation. 


Observed Winds at High Levels. D. D. Wood- 
bridge. AMS Bul., Nov., 1959, pp. 549-553. 
Description of observations of smoke drifts 
from rocket flashes and survey of data obtained on 
very-high-level winds. 


_The Jet Stream. E. Chambers. Inst. Naviga- 
tion J., July/Oct., 1959, pp. 266-288. 12 refs. 
Discussion of the structure of jet streams through- 
out the world and their effects on weather, at- 
mospheric turbulence, and flight operations. 


Cloud-Height Data Analyzer. Tech. News Bul., 
Oct., 1959, pp. 180, 181. 


Convective Processes in the Atmosphere as 
Revealed by Weather Radar. W. F. Hitschfeld. 
(4th ICSU Joint Comm. Radio-Meteorology, 
New York, Aug. 14-16, 1957.) J. Atmos. & 
Terrestrial Phys., Nos. 3/4, Oct., 1959, pp. 288- 
291; Discussion, pp. 291-293. 


Bau eines Wolkenradargerites zur gleich- 
zeitigen Messung bei 3, 2 cm und 0, 86 cm 
Wellenlinge. C. Kleegrewe. DVL Bericht 
No. 96, June, 1959. 117 pp. 26 refs. West- 
deutscher Verlag, Kéln & Opladen. In German. 
Description of the application of radar techniques 
to measure the height and the structure of clouds. 


Radar Studies of Meteorological ‘‘Angel’’ 
Echoes. D. Atlas. (4th ICSU Joint Comm. 
Radio-Meteorology, New York, Aug. 14-16, 1957.) 
J. Atmos. & Terrestrial Phys., Nos. 3/4, Oct., 
1959, pp. 262-284; Discussion, pp. 284-287. 29 
refs. Discussion of the characteristics of the 
major types of angel echoes from meteorological 
Sources, and analysis of the discrepancy between 


psn and observation in the reflection coeffi- 


Multivariate Statistical Analysis of Atmospheric 
F cesses. T. F. Malone. I—Discriminant 
Wactions : A Proposed Technique in Statistical 
b eather Prediction. II—Canonical Correlation 
Tool in Meteorological Analysis. 
and Bernard Shorr. III—Initial Studies 
tio bape the Movement and Intensifica- 

n of East Coast Cyclones. F. P. Ostby and K. 


Ch. F. 


W. Veigas. (Travelers Weather Res. Cen., Papers.) 
USAF CRC TR 59-271, Final Rep., Aug. 
1959. 83 pp. 26 refs. 


A Quick Method of Allowing for Trajectory 
Curvature when Estimating the Gradient Wind 
from Forecast Contour Charts for Westbound 
North Atlantic Flights. F. E. Lumb. Meteoro- 
logical Mag., Oct., 1959, pp. 262-266. 

Development of an Objective Method for 
Forecasting Gulf Stratus Clouds at Bryan Air 
Base, Texas in the Summer Season. J. P. 
Jenrette. AMS Bul., Dec., 1959, pp. 613-619. 

Preliminary Monthly Mean 50 MB and 100 
MB Charts, 1957. Paul Julian. 
Penn. State U. CMI IES Dept. Meteorology 
Sci. Rep. 1 (AFCRC TN 59-458), July 31, 1959. 
50 pp. 11 refs. 


Atmospheric Structure & Physics 


A Comparison of the Response of the North 
American and European Surface Pressure 
Distributions to Large Geomagnetic Disturbances. 
Ralph Shapiro. J. Meteorology, Oct., 1959, pp. 
569-572. 

Dynamical Interactions Between Large Con- 
vective Clouds and Environment with Vertical 
Shear. Ch. W. Newton and H. R. Newton. J. 
Meteorology, Oct., 1959, pp. 483-496. 34 refs. 
Study covering certain internal mechanisms 
governing the behavior of  squall-line-type 
thunderstorms after their formation rather than 
the phenomenon of their initial formation. 

A Method for Computing Surface-Air Tempera- 
ture Frequencies Over the North Atlantic Ocean. 


S. L. Rosenthal. J. Meteorology, Oct., 1959, pp. 
573-580. 


La Thermosphére. Marcel Nicolet. (Ann. 
Geophys., Jan.-Mar., 1959, pp. 1-22.) Belgium, 
IRM C48, 1959. 22 pp. 34 refs. Reprint. 


In French. Analysis of the temperature distribu- 
tion in the mesopause and lower thermosphere. 
A study of the dissociation of oxygen molecules 
and recombination of oxygen atoms reveals that 
no constant oxygen-nitrogen ratio can be assumed 
for the thermosphere. The dissociation of 
molecular nitrogen is examined, and it is shown 
that the concentration of atomic nitrogen is low 
and may be neglected in the determination of the 
overall density of the thermosphere. 


Convection and Refractive Index Inhomogene- 


ities. V. G. Plank. (4th ICSU Joint Comm. 
Radio-Meteorology, New York, Aug. 14-16, 
1957.) Atmos. & Terrestrial Phys., Nos. 


3/4, Oct., 1959, pp. 228-244; Discussion, pp. 
244-247. 33 refs. Review of certain observations 
and theories in the field of cumulus convection 
interpreted in terms of refractive index structure. 


Power-Spectrum Analysis of Atmospheric 
Ozone Parameters. Arthur Adel and E. S. 
Epstein. J. Meteorology, Oct., 1959, pp. 548- 
555. USAF-supported research. 


Calculation of the Vertical Distribution of At- 
mospheric Ozone. G. F. Walton. J. Aimos. & 
Terrestrial Phys., Oct., 1959, pp. 1-9. 


An Investigation Into the Formation of Hail. 
H. Appleman. Nubila, No. 1, 1959, pp. 28-37. 
15 refs. Development of a theory of hail forma- 
tion which suggests that hailstones form pri- 
marily on cloud droplets that are large enough to 
grow to precipitation size by coalescence, but do 
not fall out before freezing. Early fallout, and 
hence the suppression of hail, result from the 
existence of a thick, dense cloud layer below the 
large-droplet freezing level. 


A Study of Energy Conversion and Meridional 
Circulation for the Large-Scale Motion in the 


Atmosphere. . Wiin-Nielsen. Mo. Weather 
Rev., Sept., 1959, pp. 319-331. 18 refs. 
A Generalization of the Mixing-Length 


Concept. J. A. Businger. J. Meteorology, Oct., 
1959, pp. 516-523. 28 refs. USAF-sponsored 
development of a concept for the mixing length 
in diabatic conditions, the basic idea being that 
convective energy affects the mixing length but 
not the size of the largest eddies. 


Radar Observation of Lightning. M. G. H- 
Ligda. (4th ICSU Joint Comm. Radio- Meteorology, 
New York, Aug. 14—16, 1957.) J. Atmos. & 
Terrestrial Phys., Nos. 3/4, Oct., 1959, pp. 248- 
250. Abridged. Description and illustration of 
lightning observed on a radar screen. 


Aircraft Observations of Convective Cloud 
Electrification. D. R. Fitzgerald and H. R. 
Byers. (4th ICSU Joint Comm. Radio-Meteorol- 
ogy, New York, Aug. 14-16, 1957.) J. Atmos. & 
Terrestrial Phys., Nos. 3/4, Oct., 1959, pp. 254- 
261. Description of measurements of a horizontal 
component of the potential gradient in and 
around developing trade-wind and extra-tropical 
cumulus clouds. 


Electric Field-Change Studies of Lightning. 
L. G. Smith. (4th ICSU Joint Comm. Radio- 
Meteorology, New York, Aug. 14-16, 1957.) J. 
Atmos. & Terrestrial Phys., Nos. 3/4, Oct., 1959, 
p. 251-253. Abridged. Extension of electric 
field-change studies to the investigation of lightning 
in the interior of the cloud not accessible to 
photographic techniques. These studies have 
revealed the importance of relatively slow 
processes in the discharge. 


On the Truncation Error, Stability, and Con- 
vergence of Difference Solutions of the Baro- 
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tropic Vorticity Equation. W. L. Ga 
Meteorology, Oct., 1959, pp. 556-568. 
USAF-sponsored study. 


Turbulent Transfer in the Boundary Layer of a 
Stratified Fluid. Shih-Kung Kao. J. Meteorol- 
ogy, Oct., 1959, pp. 497-503. 20 refs. USAF- 
sponsored analysis of some characteristics of the 
steady turbulent transfer in a stratified fluid. 
The effect of the heat flux on the variation of the 
mixing length and the flux Richardson number 
with height is determined. The velocity and 
temperature profiles are derived. 


Finite-Amplitude | Three-Dimensional Har- 
monic Waves on the Spherical Earth. H. L. Kuo. 
J. Meteorology, Oct., 1959, pp. 524-534. 14 refs. 
USAF-sponsored application of the quasi-non- 
divergent approximation to reduce the potential 
vorticity equation to an equation in the stream 
function ¥. Assuming that the motion is of the 
permanent wave type, a first integral of this non- 
linear vorticity is obtained, which itself is a 
linear three-dimensional partial differential equa- 
tion in y. 

‘The Symmetric State of a Rotating Fluid 
Differentially Heated in the Horizontal. A. R. 
Robinson. J. Fluid Mech., Nov., 1959, pp. 
599-620. Study of the motion of a fluid inside a 
rotating annulus of square cross section, whose 
dimensions are small compared with the distance 
from the axis of rotation. The rigid side walls 
are held at different constant temperatures, and 
the fluid motions that occur are strongly in- 
fluenced by Coriolis accelerations. A detailed 
study is made of the azimuthally independent 
state in the limit of small thermal Rossby number. 


11 refs. 


Upper Air Research 


High-Altitude Wind Measurements. 
Jenkins and W. L. Webb. 

Oct., 1959, pp. 511-515. 
performance of the Loki 
system. 


Determination of Upper Atmospheric Densities 
by Scattering of Searchlight Beam. K.N. Dodd. 
Gt. Brit., RAE TN M.S. 43, Aug., 1959. 8 pp. 
Development of a theory for the phenomenon by 
which the scattered light from a searchlight beam 
can be detected and received by radar and used to 
compare the densities of the atmosphere at 
various heights. 


BR. 

J. Meteorology, 
Discussion of the 
wind-sensing rocket 


Military Aviation, Ordnance 


Comparative Cost and Effectiveness of Manned 
Aircraft and Guided Missiles in Air Defense. 
Appendix I—Launch Site Coverage Relations. 
Il—Target Detection and Kill Phase. 
Weiss. SAE Natl. Aero. Meeting, New York, 
Mar. 31-Apr. 3, 1959, Preprint 61R. 44 pp. 
16 refs. 

Development and Application of a Terminal- 
Air-Battle Model. J. L. Taylor. Oper. Res., 
Nov.—Dec., 1959, pp. 783-796. USAF-supported 
application of sequential progression and sampling 
techniques to the fighter-bomber duel, allowing 
realistic evaluation of the effects of airborne 
vehicle and equipment characteristics, bomber 
countermeasures, fighter tactics and counter 
tactics, and fighter-bomber intelligence exchange 
upon the outcome of a terminal air battle. 


Missile, Rocket, & Space Technology 


The Role of Manned Systems in Aero/ 
Astronautics. R. D. Roche. SAE Natl. Aero. 
Meeting, New York, Mar. 31-Apr. 3, 1959, 


Preprint 61S. 11 pp. Discussion of the military 
and scientific need for man in aerospace vehicles. 

British Astronautics. I, II. K. W. Gatland. 
The Aeroplane & Astronautics, Dec. 11; 18, 
1959, pp. 615-617; 639-642. 14 refs. Survey of 
some early British ideas and contributions to 
— flight, including possible projects for the 
uture. 


Le Compromis Entre Performance et Sim- 
plicité dans les Projets d’Engins Balistiques. 
W. W. Hohenner. (AERA 2nd Internatl. Congr. 
Fusées & Satellites Paris,, June, 1959.) Fusées, 
Aug., 1959, pp. 65-73. In French. Discussion 
covering various aspects of ballistic missile design, 
including the interaction of complexity and 
rocket performance, safety of operation, accuracy 
of results, and future requirements. 


Elementare Betrachtungen zum Satelliten- 
und Raumfahrtproblem. Jakob Ackeret. Schweiz. 
Bauzeitung, Dec. 28, 1957, pp. 814-822. Re- 
print. In German. Basic considerations of the 
mechanics of space flight, including the following 
aspects: manned space stations, staged rockets, 
fuels, and ion propulsion. 


Pegasus—Lockheed’s Wingless Workhorse. 
Walt Keeshen, Jr. Western Av., Nov., 1959, 
pp. 10, 11, 17. Brief description of various 
Pegasus configurations and of some research 
projects undertaken with this missile. 


Boeing Stresses Maneuverability in Bomarc 
Evolution. Irwin Stambler. Space/ Aeronautics, 
Dec., 1959, pp. 50-53. Discussion of the design 
development of the Boeing pilotless interceptor. 
Features of current ‘‘A’’ and ‘‘B’’ models are 
described. 


A Three-Stage Solid-Fuel Sounding Rocket 
System Suitable for Research at Altitudes Near 
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200 Nautical Miles. 


W. L. Dickens and E. C. 
Hastings, Jr. U.S., NASA TN D-219, Dec., 1959. 
25 pp. Presentation of experimental data and 
discussion of the estimated effects of launch angle, 
coast time between first-stage burnout and 
second-stage ignition, payload, and headwinds 
and tailwinds on performance. 


Ballistics, Re-Entry 


Comment on ‘‘On a Class of Variational 
Problems in Rocket Flight.”’ G. Leitmann. 
J. Aero/Space Sci., Feb., 1960, pp. 153, 154. 
Presentation of a simple, physically meaningful 
problem in which a discontinuity in the thrust 
direction angle arises. 


A Method for Simulating the Atmospheric 
Entry of Long-Range Ballistic Missiles. Appen- 
dix—Dissociation 9 Association Rates. A. J. 
Eggers, Jr. NACA Rep. 1378,1958. 7 pp. 
14 refs. Supt. ‘of Doc., Wash., $0.20. Study 
demonstrating with the ‘aid of similitude argu- 
ments that a model launched from a_ hyper- 
velocity gun upstream through a special super- 
sonic nozzle should experience aerodynamic 
heating similar to a ballistic missile during re- 
entry. 

Probes to Venus and Mars. S. W. Greenwood. 
The Aeroplane & Astronautics, Dec. 4, 1959, 
pp. 564-566. Discussion of trajectories and 
launching periods for probes to Venus and Mars. 


Guidance, Control, Stability 


Radio Guidance. E. K. Stodola. ARS J., 
Dec., 1959, pp. 940-945. 25 refs. Study of radio 
methods of guidance which depend upon com- 
munications to determine the navigational 
parameters of the vehicle and to command altera- 
tion of its course. The problem centers around 
obtaining a sufficiently high signal-to-noise 
ratio and an adequate frequency bandwidth to 
permit the description of the motion of the 
vehicle with the needed accuracy. A series of 
nomographs are developed which present the 
tradeoff between the communications parameters. 
A set of possible system configurations derived 
on the basis of these tradeoff curves is examined. 


Spacecraft 


Vanguard I IGY Satellite (1958 Beta). R. L. 
Easton and M. J. Votaw. Rev. Sci. Instr., Feb., 
1959, pp. 70-75. Description of the instrumenta- 
tion and measurements obtained from the Van- 
guard I satellite. 

The Fluctuations of the Acceleration of 
Satellites. H.K. Paetzold. J. Atmos. & Terres- 
trial Phys., Nov., 1959, pp. 259-282. Analysis 
of data from various satellites to determine the 
causes of acceleration variations. 


Pyramid in the Sky. H.R. Watson. Hawker 
Siddeley Rev., Sept., 1959, pp. 81-83. Abridged. 
Description of a manned re-entry vehicle designed 
to fly at a perigee height of 80 miles and an apogee 
height of 700 miles. 


Navigation 

Automatic Radio-Celestial Navigation. G. R. 

Marner. Inst. Navigation J., July, Oct., 1959, 

249-259. 15 refs. USAF- -Navy- supported 
discussion of the characteristics of the radio 
sextant which are relevant to automatic naviga- 
tion. 

High Precision Stellar Navigator for Inter- 
planetary Guidance. C. D. Bock. ARMA 
Eng., Sept.-Oct., 1959, pp. 12-15. Outline of the 
principles which will permit the design of an 
automatic differential sextant of accuracy better 
than one second of are 

Recent eo in Inertial Guidance. John 
Hovorka, J. W. Hursh, E. J. Frey, W. G. Den- 
hard, L. R. Grohe, P. J. Gilinson, Jr., and W. E. 
Vander Velde. ARS J., Dec., 1959, pp. 946- 
957. 29 refs. Presentation of seven brief papers 
on the following recent development in airborne 
inertial systems: application of inertial navigation 
to ballistic missile guidance and launch guidance 
of space vehicles, gyros used in inertial navigation, 
accelerometers, electromechanical components 
used in inertial navigation, computer subsystems, 
and marine inertial navigation. 


Electronic Aids 


Air and Sea Tests of the Dectra Radio-Naviga- 
tion System. Claud Powell. Inst. Navigation J., 


July/Oct., 1959, pp. 289-307. Discussion of the 
results of air and sea trials obtained in the first 
two years of operation of an experimental 
Dectra chain in the North Atlantic area. 


En Marge de la Navigation Doppler. Yves 
Guillaume. L’Air, Sept., 1959, pp. 22, 23, 26. 
In French. Discussion of the basic operating 
principles of a Doppler system. 

Position Estimation Using Only a 
Simultaneous Range H. 
Groginsky. E Trans., ANE Ser., Sept., 195 . 
pp. 178-187. Analysis | of three-dimensiona] 
generalized position-measurement systems In 
these systems, target position is obtained by 
trilateration using only range data collected by a 
group of v stations located in an arbitrary ge- 
ometry. The method of maximum likelihood is 
used to obtain a joint estimator for the target 
coordinates which makes optimal use of the 
redundant data when the noise is Gaussian 


Space Navigation. Meredith Beyers. Ryan 
Reporter, Oct. 14, 1959, pp. 14-17. Discussion of 
the use of Doppler navigating equipment for 
space navigation. This involves substituting 
a solar referrent for the terrestrial gravitational 
vector and supplementing active radar with 
passive radar for mid-course guidance with the 
aid of electronic or ballistic steering. 


Traffic Control 


Target-Plus-Symbol Display Simplifies ATC 
Radar Tracking. Abe Shulman and Marvin 
Bernstein. Space/Aeronautics, Dec., 1959, pp. 
141, 142, 144-150 (ff.). Study of a radar track 
while-scan system for displays of televised 
symbolic information near targets on a scan 
position indicator (PPI). Intensity modulation of 
PPI scope with symbol video from a closed- 
circuit TV subsystem in detailed. 

An Approach sa Or rw of the Air Space, 
J. E. Basanese. Natl. Aero. Meeting, New 
York, Mar. 31- sy 3, 1959, Preprint 58T. 
8 pp. 

Nuclear Energy 


Progress in Nuclear-Powered Aircraft—A 
Bibliographical Survey. J. Burkett. The 


SINCE 1942, WHITTAKER CONTROLS HAS BUILT OVER 2,000,000 CONTROL DEVICES! 


Advanced concepts now being planned at Whittaker Controls present unusual and 
challenging opportunities for qualified engineers. Why not inquire now? 
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Aeroplane & Astronautics, 
pp. 635— -638. 33 refs. 

Effects of Nuclear Radiation of Solid Cata- 
lysts. R. H. Bragg, F. L. Morritz, Richard 
Holtzman, P. Y. Feng, and Frank Pizzarello. 
USAF WADC TR 59-286, June, 1959. 75pp. 
31 refs. 

Radiation Stability of Silicone Greases. 
D. J. Fischer, J. F. Zack,Jr., and E. L. 

Lubrication Eng., Oct., 1959, pp. 

407-409. Study of the degree of radiation 
stability in fluids and extrapolation of this 
characteristic to grease formulations. 

The Effect of Nuclear Radiation on Jet 


Dec. 18, 1959, 


Fuels. A.C. Nixon, R. E. Thorpe, and H. B. 
Minor. Ind. & Eng. Chem., Jan., 1960, pp. 
47-50. Presentation of data on changes in 


physical and chemical properties and, in some 
cases, thermal stability of fuels. Attempts 
have been made to account for these on the 
basis of the reactivity of hydrocarbon types 
present. 


Parachutes 


Mass Transfer Cooling of Parachute Mate- 
rials. R.H. Cornish, F. J. Ahimaz, Ch. W. 
Beadle, and Kenneth Foster. USAF WADC 
TR 58-684, Sept., 1959. 87 pp. Presenta- 
tion of results of 73 tests on different parachute 
ribbon materials and protective coatings. 
Tests were conducted at a Mach number of 
5, pressure altitude of 100,000 ft., and stagna- 
tion temperatures of 700° to 900°F. 


Photography 

Reduction of Exposure Time in Target Air- 
craftCameras. C.W.Husbands. Gi. Brit , 
RAE TN T.D.44, Aug., 1959. 12 pp. In- 
vestigation into the possibility of shortening 
the exposure time to reduce the blurring due to 
image movement in cameras mounted in 
radio-controlled target aircraft, which are used 
to record the path of a missile relative to the 
aircraft. 

An Electronic Framing Camera for Milli- 
microsecond Photography. G. L. Clark. 
Space Tech. Lab. PRL Rep., 1959. 16 pp. 


Physics 


Astrophysics 


The Sun asa Variable Star. H.L. Johnson 
and B. Iriarte. Lowell Observatory (Bul. 96) 
dct. Rep. 1 (AFCRC TN 59-273) [AD 213854], 
Apr., 1959. 6 pp. 

The Doppler Widths of Solar Absorption 
Lines. Barbara Bell and Alan Meltzer. Har- 
vard U. HCO Solar Dept. Sci. Rep. 2 (AFCRC 
TN 59-298) [AD 216314], June, 1959. 8pp. 
18 refs. 

The Albedos and Phase Variations of 
Uranus and Neptune. W. M. Sinton. Lowell 
Observatory (Bul. 95) Sci. Rep. 1 (AFCRC TN 
[AD 213854}, Apr., 1959. 5pp. 11 
reis. 


Geophysics 


IGY Results on the Shape of the Earth. 
J. A. O'Keefe. ARS J., Dec., 1959, pp. 902- 
904. 14refs. Presentation of tracking results 
showing that the earth is not an oblate sphere, 
but is instead slightly pear-shaped, having a 
bulge in the southern hemisphere. 

The Contents of Space Near the Earth. 
P. M. Millman. (CAI Spec. Anniv. Meeting, 
Montreal, Feb. 24, 1959.) Can. Aero. J., Nov., 
1959, pp. 358-362. 15 refs. Discussion cov- 
ering solid particles, atomic and molecular 
particles, and electromagnetic radiation. 


Optics 


The Behavior of a Light Ray Penetrating a 
Field. H. Melkus. 
USAF MDC TR 59-39, Oct., 1959. 51 pp. 
of deflections of light pen- 
etrating supersonic flow fields past wedge- and 
cone-shaped bodies. The data are important 
for estimates of aerodynamically induced 
errors in schemes for measuring angular posi- 
tions of a guidance platform during motion on 
a sled at supersonic speeds. 
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HITTAKER CONTROLS Division of 


3272 Peachtree Road, N.E., Atlanta, Georgia « Phone: CEdar 3-5291 


SOAYTON: | Talbott Bidg., Suite 313, 131 North Ludlow Street, Dayton 2, Ohio » Phone: BAldwin 2-5595 
me 600 Old Country Road, Suite 327, Garden City, L. !., New York « Phone: Ploneer 1-4440 
: — 3308 White Bidg., Seattle 1, Washington + Phone: MAin 3-6150 


6427 East Kellogg Street, Wichita 1, Kansas « Phone: MUrray 2-0332 


WHITTAKER CONTROLS: Designs and produces 
aircraft and missile fluid control systems, sub- 
systems and components. WC Products are in 
every production military aircraft and commercial 
airliner. In many of the nation’s missile programs, 
Whittaker is also solving extreme fluid control 
problems. 


WHITTAKER GYRO: Leading designer and manu- 
facturer of electromechanical and non-electric 
gyroscopes, including rate gyros vertical gyros, 
and position gyros. In addition, this Division is 
active in the sub-systems field with stable plat- 
forms, inertial guidance equipment, and auto 
pilots for missiles. 


MONROVIA AVIATION: Producers of precision air- 
craft structural assemblies, Monrovia Aviation’s 
products are installed on America’s principal mil- 
itary and commercial jet aircraft. This Subsidiary 
also designs and manufactures customized port- 
able air conditioning units for missile ground 
support purposes. 


TELECOMPUTING SERVICES: Skilled in the estab- 
lishment and operation of data processing cen- 
ters, primarily for military and civil agencies of 
the Government. At White Sands Missile Range, 
TSI processes and analyzes missile test data. At 
Vandenberg AFB, this Subsidiary provides data 
processing services for SAC’s Ist Missile Division. 


ELECTRONIC SYSTEMS: Specialists in systems 
management, this Division also designs and man- 
ufactures a wide variety of equipment in the fields 
of electronics and nucleonics for highly classified 
Military Programs. In addition, Electronic Systems 
designs and produces Air Traffic Control equip- 
ment for the Federal Aviation Agency. 


DATA INSTRUMENTS: Leading designer and pro- 
ducer of data reduction systems for ground sup- 
port and range instrumentations. Product line 
includes shaft rotation digital equipment, decom- 
mutators, and other highly complex and special- 
ized instruments for missile and aircraft testing, 
telemetering and in-flight operation. 


ELECTRONIC COMPONENTS: Designs and pro- 
duces components, including magnetic amplifiers, 
transformers, micro-miniature relays, delay lines 
and high temperature ceramic capacitors. These 
reliable components are being selected for instal- 
lation in many of the country’s principal missile 
and space programs. 


COOK BATTERIES: Designers and manufacturers 
of automatically and manually activated silver 
zinc batteries for specialized missile application. 
These auxiliary power units provide primary or 
secondary electrical power. This subsidiary also 
produces power conversion and other electronic 
apparatus. 


TELECOMPUTING 
CORPORATION 


Los Angeles, California 


Telecomputing Corporation is a unique combina- 
tion of carefully integrated organizations. It is 
staffed with scientific talent of rare ability, created 
for the purpose of managing entire Space Technol- 
ogy and Weapon System Projects. Telecomputing 
is developing advanced concepts in industrial and 
military control systems. 
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Power Plants 


New Energy Conversion Techniques for Space 
Vehicles. Richard Ling. SAE J., Dec., 1959, 
pp. 56, 57. Abridged. Discussion of chemical, 
solar, and nuclear systems for secondary power 
sources with the objectives of longer duration of 
operation and improved recycling characteristics 
at high temperatures. 

Positive-Displacement Motors for A.P.U. 
Power Requirements. Fred Klemach. SAE 
Natl. Aero. Meeting, New York, Mar. 31—Apr. 3, 
1959, Preprint 53R. 8 pp. Development of a 
positive-displacement motor driven by hot gases 
from a propellant charge. 


Fundamental Investigations of Electrical 
Power Sources. I—Morphology. E. J. Hellund. 
Plasmadyne Corp. Rep. E-1F RO49-332, vol. I 
(AFOSR TR 59-103), Apr. 24, 1959. 35 pp. 
Survey and classification of various types of 
power sources which might be used in conjunction 
with propulsion systems for space vehicles. 

Fundamental Investigations of [Electrical 
Power Sources. IV—Nuclear Fission Reactors. 
E. J. Hellund. Plasmadyne Corp. Rep. E-4F R049- 
332, vol. IV (AFOSR TN 59-428) [AD 214778}, 
Apr. 24, 1959. 131 pp. Discussion of design 
considerations for a nuclear reactor to be used in 
space propulsion. 

Fundamental Investigations of [Electrical 
Power Sources. VI—Fusion Power. Appendix— 
Elementary Considerations of the Direct Con- 
version of a? Energy to Electrical 
Energy. E. J. und. Plasmadyne Corp. 
Rep. E-6F RO49- 332, VI (AFOSR TN 59- 
427) [AD 214777], Apr. 24, 1959. 74 pp. Dis- 
cussion of fusion power methods and description 
of fusion devices used throughout the world. 


Fundamental Investigations of [Electrical 
Power Sources. ee Helen 
Fife. Plasmadyne Corp. Rep. E-7F R049-332, 
vol. VII (AFOSR TR 59-104), Apr. 24, 1959. 47 
pp. 379 refs. 


Electric Propulsion Systems. V. P. Kovacik 
and D. P. Ross. SAE Natl. Aero. Meeting, 
New York, Mar. 31-Apr. 3, 1959, Preprint 63S. 
9 pp. Presentation of design characteristics of the 
nuclear turboelectric ion propulsion system. 


Jet & Turbine 


Ducted Fan Engine. Neil Burgess and A. P. 
Fioretti. SAE J., Dec., 1959, p. 51. Abridged. 
Discussion of the merits of a ducted-fan engine in 
supersonic aircraft, emphasizing its high take-off 
thrust. 

The Ducted Fan Engine. Bristol Siddeley J., 
Autumn, 1959, pp. 3-5. Discussion of the design 
and performance of the Bristol Siddeley engine 
sg a front fan driven by its own separate tur- 

ine. 

The Modern Gas Turbine Auxiliary Power- 
plant—Characteristics and Applications. P. G. 
Stein. SAE Natl. Aero. Meeting, New York, Mar. 
31-Apr. 3, 1959, Preprint 53S. 13 pp. 


Heat Transfer Processes in Gas Turbine 
Combustion Chambers. . Lefebvre. 
Chartered Mech. Engr., Nov., 1959, pp. 423- 
426. Abridged. Review of various heat-transfer 
processes connected with high metal temperatures, 
and derivation of a general equation for flame- 
tube metal temperatures. 


Experimental and Analytical Investigation of 
Heat-Transfer Characteristics of a — 
Flow Air-Cooled Turbine Rotor Blade. 

Stepka and R. P. Cochran. U.S., NASA Tw 
D-202, Dec., 1959. 21 pp. 11 refs. 


Air-Cooling Methods for Gas-Turbine Com- 
bustion Systems. Appendix I—A Note Upon 
Heat Transfer in Combustion-Chamber Flame 
Tubes. Appendix II—The Relation Between the 
Overall Heat-Transfer Coefficient Between a 
Gas and a Wall and the Reynolds-Analogy 
Convection Coefficient. Appendix III—A General 
Solution for the Temperature Distribution in the 
Ideal Boundary os Formed by Localised Air 
Injection. F. J. Bayley. Gt. Brit, ARC R&M 
3110 (Aug., 1951) 7959. 34 pp. 12 refs. BIS, 
New York, $2.16. Methods studied include 
convective cooling by external airflow, the use of 
“louvred” surfaces for cooling, the use of porous 
walls or sweat cooling, cooling by localized air 
injection, and the effect of combined convective 
cooling by external airflow and localized air 
injection. 

Jet Powerplant for VTOL. 

Hewson. AE Natl. Aero. Meeting, New 
York, Mar. 31-Apr. 3, 1959, Preprint 64R. 
13 pp. Discussion of requirements including light 
weight, low fuel consumption, power-plant size 
and drag, aircraft control, ground effects, power- 
plant noise, and high emergency power. 

NASA Research Bearing on Jet Engine 
Reliability. S. S. Manson, G. M. Ault, and B. 
Pinkel. SAE Nail. Aero. Meeting, New York, 
Mar. 31-Apr. 3, 1959, Preprint 49T. 34 pp. 23 
refs. Summary of statistical studies on engine 
failure and discussion of further requirements in 
design information, operational principles, and 
inspection and maintenance procedures that 
would iead to greater engine reliability. 

A Study of Self-Contained Starting Systems for 
Turbojet and Turboprop Engines. Appendix 
I—General Starting System Design Parameters. 
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Appendix 11—Information Needed by the Starter 
Design Engineer. H. R. Schmider and J. H. 
Ferguson, Jr. SAE Nail. Aero. Meeting, New 
York, Mar. 31-Apr. 3, 1959, Preprint 48T. 
31 pp. Description of the direct impingement of 
the pneumatic starter with combustor support, 
fuel-air combustor, solid propellant, liquid 
monopropellant, hydraulic, and electric starters. 


Starting a ‘‘Blowtorch.’? F. L. Moncher. 
Sperryscope, 3rd Quart., 1959, pp. 16-19. Re- 
view of starting methods for jet and reciprocating 
engines, and description of a hydraulic starting 
system. 


Anlassysteme neuzeitlicher Turbinenfiug- 
zeuge. R. Hatlapa. Luftfahrttechnik, Oct. 5, 
1959, pp. 352-355. In German. Survey of 
various pneumatic starting systems for turbine 
engines, covering the airborne starters with 
independent air supply, as well as the ground 
equipment. 

Testing Aircraft Engines Under High-Altitude 
Conditions. F. uber. Brown Boveri Rev., 
Aug., 1959, pp. 427-434. Discussion of the 
requirements of a high-altitude test plant, and 
description of the special features of the new 
Rolls-Royce facility. 


Description of a New Experimental High 
Temperature Turbine and Associated Test Rig 
(Cooled Turbine No. 126). N. E. Waldren and 
J. A. Flint. Gt. Brit., NGTE Rep. R. 237, Aug., 
1959. 23 pp. Design ‘of a cooled turbine, built for 
research into problems associated with the op- 
eration of turbines at very high gas temperatures, 
in particular, the problem of turbine blade 
cooling. 

Banc d’Excitation et de Mesures pour Ailettes 
de Compresseur ou de Turbine. J. Leclerc. 
La Recherche Aéronautique, Sept.-Oct., 1959, pp. 
43-45. In French. Description of an installation 
for vibration testing of compressor and turbine 
blades capable of measuring resonance frequency 
and elastic and damping characteristics of the 
blades, as well as determining the domains of 
their aeroelastic instability. 


Radioactive Sources Indicate Axial Position in 
Jet Engine. J. F. Coultry and H. D. Briggs. 
Nucleonics, Jan., 1960, pp. 117, 118, 120. Descrip- 
tion of a system designed for studying the phenom- 
enon of thermal expansion in the rotor and 
stator of a jet-engine turbine. 


Design, Development and Operational Ex- 
perience of the Boeing 707 Thrust Reverser/ 
Sound Suppressor. J. E. Barfoot. SAE Natl. 
Aero. Meeting, New York, Mar. 31-Apr. 3, 
1959, 57S. 10 pp. 


Ram-Jet & Pulse-Jet 


The Effect of Combustor Outlet Temperature 
~~ on Ramjet Thrust. M. R. Williams and 

W. Greenwood. Coll. of Acronautics, Cran- 
Fed Note No. 59, July, 1957. 22 pp. Study 
showing the desirability of obtaining an even 
distribution of temperature at the outlet of a 
ram-jet combustor. Results of experiments on a 
particular combustion system over a limited range 
of conditions using a series of mixers are pre- 
sented. 


Rocket 

Chemical Propulsion: State of the Art. K. 
R. Stehling. Space/ Aeronautics, Dec., 1959, pp. 
42-46. Discussion of current design problems 
for both liquid and solid rockets, 

Saturn: The BigOne. E.A.Herron. Skyline, 
Fall, 1959, pp. 19-23. Brief description of the 
H-1 rocket cluster which forms the Saturn booster. 

Das Raketentriebwerk SEPR 841 als Zusatz- 
triebwerk des Abfangjiigers ‘‘Mirage’’ IIIA 
bzw. IIIC. . Sehneider. Luftfahrttechntk, 
Oct. 15, 1959, pp. 347-349. In German. Dis- 
cussion covering the liquid propellant rocket 
engine SEPR 841 used as auxiliary propulsion 
unit for the interceptor Mirage IIIA, evaluated 
in terms of its design and performance character- 
istics. 

Factors Influencing the Application of Un- 
convential Rocket Engine Systems. G. S. Gill 
and Leo Kusak. SAE Nail. Aero. Meeting, New 
York, Mar. 31-Apr. 3, 1959, Preprint 54S. 22 
pp. Discussion of some different thrust chamber 
geometries and changes in the propellant pump- 
ing systems, as part of a program of integration 
of major components to achieve gains in per- 
formance, compactness, weight, and reliability. 


The Place of Solid Propellants in Space 
Vehicle Propulsion. B. F. Wilkes. AE Nail. 
Aero. Meeting, New York, Mar. 31-Apr. 3, 
1959, Preprint 55T. 13 pp. 30refs. 


Unexpected Rocket Problems Boost Test 
Facility Needs. J. S. Butz, Jr. Av. Week, Jan. 
4, 1960, pp. 52-54, 57, 59. Discussion of high- 
altitude problems encountered by rockets and the 
test program at the Arnold Engineering Develop- 
ment Center designed to overcome these dif- 
ficulties. Problems include interaction between 
exhaust flows from clustered engines and between 
the engine exhaust and the airflow around the 
base of the vehicle; nozzle durability and life 
below estimates, the convective cooling action or 
airflow around the missile has been much lower 
than predicted; chuffing, or sporadic burning, at 
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altitude; and unpredictable ignition character- 
istics at altitude of both solid and liquid fuels. 


Some Development Problems with Large 
ore = Propellant Systems. D. A. Heald. 
Aero. Meeting, New York, Mar. 31- 
Apr. 3, 1959, Preprint 59S. 9 pp. Discussion of 
propellant loading, engine starting, and flight 
problems, including effective density, surface 
conditions, topping system, ice, environmental 
protection, feed-line overheating, engine pump 
net positive head, subcooled charge, local cavita- 
tion, self-pressurization, and zero gravitation. 


Calmec Oxidizer Vent and Relief Valve Per- 
formance and Icing Tests. W. A. Schaal. 
USAF FTC TN 59-37, Nov., 1959. 20 pp. 


Thrust Magnitude Control of Solid-Propellant 
Rocket Motors by Mechanical Means. J. §S. 
Gates and S. L. Pinto. SAE Natl. Acro. Meeting, 
New York, Mar. 31-Apr. 3, 1959, Preprint 59T. 
23 pp. Analysis of thrust variation caused by 
grain and case manufacturing tolerances and by 
altitude change. Three systems of obtaining 
thrust magnitude control are presented. Each 
system involves control at chamber pressure by 
— of a variable orifice or a variable nozzle 
throat. 


Production 
Atlas Generates Fabrication Advances. 
Richard Sweeney. Av. Week, Jan. 4, 1960, pp. 
39, 40, 45-47, 49. Discussion of the tooling, 
fabrication, assembly, and inspection techniques in 
building the Atlas ICBM. 


Metalworking 
Progress in Space Rebeication. 
L. E. Laux and C. S SAE Natl. Aero. 


Meeting, New York, Apr. 3, 1959, Pre- 
print 43S. 22 pp. Discussion of production 
techniques including the Marform process of 
forming high strength steels, honeycomb fabrica- 
tion and machining, induction brazing, and 
plastic forming. 


British Production Techniques. Molly Neal. 
Shell Av. News., Oct., 1959, pp. 16-21. Survey 
covering such aspects as electronic programing 
and control, precision forging, metal-bonding, and 
light alloy sandwich constructions, as well as 
evaluation of future development. 

Mach 3 Manufacturing. Ward Lauren. 
Skyline, Fall, 1959, pp. 7-18. Discussion of the 
fabrication problems for the B-70, including the 
use of ceramic tooling, welding and straightening 
of thin-gage steels, contouring sandwich panels, 
several methods of brazing honeycomb sandwich, 
and forming of high-strength materials. 

Jet Wings—Done toa Turn. J. R. Spurgeon. 
Instrumentation, Sept.-Oct., 1959, pp. 22-24. 
Discussion covering the oven used to cure the 
sealants in the wing fuel tanks of the Convair 
880 jet transport. 


Programming for Contour Milling. F. A. 
Twitchell. Tool Engr., Jan., 1960, pp. 88-92. 
Description of a system used at Norair for the 
numerical control of milling machines, and dis- 
cussion of some specific applications. 


Plastic Properties of Aluminum-Magnesium 
Mg ae S. S. White, R. E. Manchester, 

. G. Moffatt, and C. M. Adams, Jr. Welding 
Res. Suppl., Jan., 1960, pp. 10-s-19-s. Study 
of the effect of welding variables on the relative 
toughness, elongation, hardness, strain, and peak 
temperature distributions in aluminum- -magnesium 
weldments. 


Nonmeftalworking 


Microwave Controlled Grinding of Ceramic 
Radomes. Nestor Grechny, Jr. (Am. Ceram 
Soc. 61st Annual Meeting, Chicago, May 20, 
1959.) Am. Ceram. Soc. Bul., Dec., 1959, pp. 
699-702. 


Production Engineering 

Requirements Guidance and Contro! Systems 
Impose on Departments. Charles 
MeWilliams. SAE Natl. Aero. Meeting, New 
York, Mar. 31-Apr. 3, 1959, Preprint 45R. 12 pp 

Quality and Reliability Assurance for Ballistit 
Missiles and Space Stations. B. I. Funk. [ni 
Quality Control, Dec., 1959, pp. 9, 10. Discussion 
of the basic factors influencing missile programs 


and the implications of these factors on the 
management of such programs. 


Propellers 


Effectiveness of Propellers at High Speeds. 
Svetopolk Pivko. Aircraft Eng., Dec., 1959, pP 
360-364. Analysis considering the operating 
conditions of a conventional airfoil type propeller 
or helicopter rotor in both subsonic and supe!- 
sonic regions, in the absence of direct shock and 
blade interference effects and other disturbances 


Reliability 


An Introduction to the Reliability Concept 
I, Sect.I. P.Hobley. SLAE J., Sept., 1959, pp 
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compact heat exchangers of 
conventional or platular design 
for heating or cooling 


precision pneumatic controls 

for bleed-air combine: functions 

Saving weight and space — 
special contre! specs invited © 


air duct couplings and. 
Supports in sizes up te 36” 

feature metal-to-metal seal, quick 
safety 


For a proposal you can rely on 
contact your Janitrol engineering 
representative when your plans call 
for components, pneumatic sub-systems, 
and complete systems for heat transfer 
and air control. Virtually every modern 
aircraft and operational missile incorporates the 
skills that Janitrol translates into practical 
hardware. Janitrol Aircraft, a division 
of Midland-Ross Corporation, 

4200 Surface Road, Mie 
Columbus 4, Ohio * liquid heaters for ground 


Support equipment in comp 
sizes to 1 million Btu/hr — not tuel prime units, inert gas 
multi-fuel use generators and aircraft heaters 


reliable components for missiles / aircraft / support 
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2-10. 


Discussion covering a definition of relia- 
bility, reliability measurement, equipment level 
comparison, reliability of present components, 
probability of survival, complexity analysis, and 
reliability levels. 


An Introduction to the Reliability Concept. 
I, Sect. II. P. Hobley. SLAE J., Oct., 1959, pp. 


10-13. 10refs. Discussion of the approach used 
in reliability calculation and prediction for 
electronic equipment, procurement and testing of 
components, as well as reliability in design. 

Atlas Reliability Program Yields Improved 
Components. C. C. Campbell. Space/Aero- 
nautics, Dec., 1959, pp. 65, 66, 68,71. Discussion 
of the reliability program for the Atlas ICBM, 
emphasizing the difference between the Atlas 
program and other reliability programs. 


A Carlo’? Approach to Evaluate Multi- 
moded System Reliability. K. M. Curtin. 
Oper. Res., Nov.—Dec., 1959, pp. 721-727. 
Presentation of a mathematical model of a 
multimoded system and application of a Monte 
Carlo technique to predict and to evaluate 
system reliability. 


Research, Research Facilities 


Spectrographic Temperature Measurements in 
a Carbon-Arc-Powered Air Jet. D. H. Green- 
shields. U.S., NASA TN D-169, Dec., 1959. 
24 pp. 18refs. Description of a 700 kw. electric- 
arc-powered air jet and presentation of some 
measurements. The method of measuring tem- 
peratures utilizes the resolved band radiation of 
cyanogen molecules in the jet stream to determine 
the distribution of rotational energies and, hence, 
the rotational temperature of this species. 


The Plasma-Arc Torch: A New Research 
Tool. R. M. Gage. Elec. Mfe., Jan., 1960, pp. 
144-146. Discussion of the plasma-are torch 
development and applications. 


High-Power Pulse Steepening by Means of 
Exploding Wires. G. S. Janes and H. Koritz. 
Rev. Sci. Instr., Nov., 1959, pp. 1032-1037. 
Description of a circuit technique which reduces 
the rise times of high-power pulses by means of 
exploding wires. The magnetic energy is stored 
in the interstage lead inductance and rapidly 
transferred into succeeding stages by the vapor- 
ization of exploding wire resistive fuse elements 
connected between the leads. 

Operation Research—Some Airline Applica- 
tions. R. J. McWilliams. (Jst IATA¢Tech. 
Conf., London, May 19, 1958.) Can. Aero. J., Nov., 
1959, pp. 369-374. 11 refs. Application of 
operational research techniques to airline opera- 
tions and maintenance. 


A Study of High Speed Gas Flow by Hydraulic 


Analogy. IV—Flow Around an Airfoil. Yukio 
Tomita. JSME Bul., Nov., 1959, pp. 663- 


669. 13 refs. Development of empirical correc- 
tion formulas for the pressure distributions around 
airfoils, obtained from experiments in shallow 
water flow, by comparison with values observed 
in a high-speed wind tunnel. 


Wind Tunnels 


Essais Transsoniques 4 Modane. S. Schneider. 
La Recherche Aéronautique, Sept.—Oct., 1959, 
pp. 13-18. In French. Description of the Modane 
transonic wind tunnel, including details of 
combustion tests and experimental techniques 
used, as well as evaluation of future possibilities. 


Taneles Aerodinémicos. Rev. Aero., May, 
1959, pp. 29-31. In Spanish. Description of the 
supersonic facility at the Aerotechnical Institute 
of Argentina, covering the types of experiments 
and models used. 


Hypersonic Flight in the Laboratory. R. C. 
Weatherston. Res. Trends (Cornell Acro. Lab.), 
Summer, 1959, pp. 1-4. Description of the wave 
superheater used to simulate the extreme condi- 
tions of hypersonic flight for approximately full- 
scale laboratory models. 


The 20 cm X 25 cm Transonic Wind-Tunnel 
at the Government Mechanical Laboratory. 
Masayuki Ikui, Itu Hiraki, Hiroshi Hashizume, 
and Yasuharu Nakamura. (3rd Appl. Math. & 
Mech. Meeting, May 26-28, 1959.) Japan Soc. 
Aero & Space Sci. Trans., No. 2, 1959, pp. 27- 
34. 10 refs. Description of a tunnel having 
either a slotted wall or a perforated wall test 
section. Shock wave reflection characteristics 
have been investigated under various conditions. 


_ Control of Temperature Variation in a Pressur- 
ized Intermittent Wind Tunnel. I. J. Billington. 
Can. Aero. J., Dec., 1959, pp. 396-404. 12 refs. 
Analysis of blowdown with heat transfer, result- 
ing in a set of differential equations describing 
the temperature distributions in the storage 
vessels during the tunnel run, 


_ The Performance of Thin-Film Thermometers 
in Partially Ionized Shock-Tube Flows. 
Marrone and R. A. Hartunian. Cornell Aero 
Lab. Rep. AD-1118-A-5 (AFOSR TN 59-1046), 
Nov., 1959. 7 pp. = 


A Multiple Hot-Wire Array for Measurements 
of Downwash Integrals. Kent Kresa and Erik 
Mollé-Christensen. J. Aero/Space Sci., Feb., 
1960, pp. 141, 142. 


Maquettes et Equipements de Mesure Pour la 
Détermination en Soufflerie des Forces Aéro- 
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dynamiques Instationnaires. R. Dat. (NATO 
AGARD 14th. Wind-Tunnel & Model-Testing 
Panel Meeting, Copenhagen, Cct. 20, 21, 1958.) 
NATO AGARD Rep. 220, Oct., 1958. 25 pp. 
In French. Evaluation of some methods partic- 
ularly suitable for wind-tunnel measurements of 
unsteady aerodynamic forces. Certain aspects of 
the problem of models and their mounting are 
discussed, and the measuring and_ excitation 
apparatus used at ONERA is described. 


Rotating Wing Aircraft, Helicopters 


Esame Analitico dei Costi Diretti di Eser- 
cizo, dei Costi Indiretti1 e Totali di Gestione per 
Elicottero. Carlo Tonini. Riv. Aero., July, 
1959, pp. 1405-1420. In Italian. Evaluation of 
the economics of helicopter operation, including 
personnel and maintenance aspects. 


The Kaman HU2K-1 Utility Helicopter. O. F. 
Polleys. AHS Newsletter, Dec., 1959, pp. 2-9. 
Presentation of the design and system character- 
istics of the jet-powered helicopter. 


VTOL Aircraft and Helicopters. The Aero- 
plane & Astronautics, Dec. 11, 1959, pp. 595- 
608. Survey of the development in VTOL air- 
craft and helicopters throughout the world. 
Includes design and performance data for each 
type. 

Titan Turbine Passes Initial Flight Tests. 
Solar Quart., Fall, 1959, pp. 3-6. Description.of 
the Solar YT62 engine and its installation in 
the Gyrodyne Rotorcycle. 


A Dynamic Mode! Investigation of the Effect 
of a Sharp-Edge Vertical Gust on Blade Periodic 
Flapping Angles and Bending Moments of a 
Two-Blade Rotor. J. L. McCarty, G. W. 
Brooks, and#D. J. Maglieri. U.S., NASA TN 
D-31, Sept., 1959. 39 pp. 12 refs. Description 
of tests on a two-blade rotor having a diameter 
of 4 ft. and a solidity of 0.037, operated at various 
forward velocities Variables studied inciude 
gust velocity, collective pitch angle, flapping 
hinge offset, and tip-speed ratio. The results are 
presented in the form of dimensionless param- 
eters and compared with limited available 
theory. 


Comparison of Calculated and Measured Stall 
Boundaries of a\Helicopter Rotor at Advance 
Ratios from 0.3 to 0.4. J. L. McCloud, III, and 
G. B. McCullough. U.S., NASA TN D-73, 
Sept., 1959. 28 pp. Comparison of calculated 
and measured performance characteristics of 
helicopter rotors indicating that: the stall 
boundaries, based on rotor torque indications, are 
roughly parallel with each other, but the cal- 
culated boundary is lower; in operational regions, 
free of calculated blade stall, the agreement 
between the values of rotor thrust or lift is good; 
and the computed torque is less than the corres- 
ponding experimental values. 


The Effects of Various Combinations of Damp- 
ing and Control Power on Helicopter Handling 
Qualities During Both Instrument and Visual 
Flight. Seymour Salmirs and R. J. Tapscott. 
U.S., NASA TN D-58, Oct., 1959. 38 pp. 
Presentation of experimental results showing that 
the handling qualities of the helicopter are 
improved as the damping is increased, but that 
changes in handling qualities are less directly 
dependent on variations in control power. 
Includes summary charts useful in estimating 
desirable characteristics for other helicopter and 
VTOL aircraft types. 


Safety 


Decontamination of Large Liquid Fluorine 
Spills. R. P. Rickey. USAF, FTC TR 59-31, 
Oct., 1959. 28 pp. 


How to Protect Radomes from Lightning. 
M. P. Amason. Space/ Aeronautics, Dec., 1959, 
pp. 177-180, 184-190 (ff.). Development of a 
lightning protection system for a general-purpose 
aircraft radome. Studies of relative vulnerability 
of DC-8 airframe areas are reviewed and{the 
resulting protection system is described. 


“C.P.I."’"—A Crash Position Indicator for 
Aircraft. D. M. Makow and H. T. Stevinson. 
IRE Trans., ANE Ser., Sept., 1959, pp. 187-200. 
13 refs. Development of a light, simple, and 
inexpensive position indicator for crashed air- 
craft. A special pulsed transmitter with trickle- 
charged batteries and an internal antenna is 
potted in shock-absorbing foam, transparent to 
radio waves and placed inside a special airfoil. 
The device, held on the tail of the aircraft, is 
released automatically upon detection of any 
abnormal structural disturbance. 


The Collision Prevention Problem. 
White. SAE Nail. Aero. M 
Mar. 31—-Apr. 3, 1959, Preprint 58R. 12 pp. 
20 refs. Review of the status of the American 
effort in the area of air collision prevention. 


Optical Techniques for Collision Warning. 

. H. Chasson. SAE Natl. Aero. Meeting, New 
York, Mar. 31—Apr. 3, 1959, Preprint 58S. 11 
pp. Study of the potential effectiveness of 
modern optical detection techniques as a basis 
for collision warning The optical techniques 
considered may utilize radiation from cooperative 
or passive sources in either the visual or infrared 
portions of the electromagnetic spectrum. 
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Rough-Water 
Model of a Jet Transport with the Landing Gear 
Extended and with Various Ditching Aids. 


Ditching Investigation of a 


W. C. Thompson. 
1959. 33 pp. 


Water-Landing Impact Accelerations for Three 
Models of Reentry Capsules. V. L. Vaughan, Jr. 
U.S., NASA TN D-145, Oct., 1959. 26 pp. 
Experimental investigation of three conical 
models to determine the rigid body impact 
accelerations during simulated parachute-sup- 
ported water landings. The tests cover nominal 
flight-path angles of 90° and 65°, a range of 
contact attitudes of —30° to 30°, and a range of 
full-scale vertical contact velocity from 10 to 45 
ft. per sec. Accelerations of the models at 
impact are measured along the x- and z-axes 
(roll and yaw, respectively). 

Origin and Prevention of Crash Fires in 
Turbojet Aircraft. Appendix A—Engine Tem- 
perature Survey. Appendix B—Preliminary 
Evaluation of Probability of Hot-Surface Igni- 
tion. Appendix C—Method of Locating Ignition 
Zones Within Engine. I. I. Pinkel, Solomon 
Weiss, G. M. Preston, and G. J. Pesman. U’S., 
NACA Rep. 1363, 1958. 19 pp. Supt. of Doc., 
Wash., $0.25. Investigation showing that the 
gas flow through the engine is too rapid to 
permit the ignition of ingested combustibles on 
the hot metal in contact with the main gas 
stream. The limited extent of the hot-metal 
zones that may start a fire permits an approach 
to inerting the engine that involved the simul- 
taneous initiation of the following actions 
immediately upon crash impact: (1) shut off fuel 
flow to the engine, (2) spray coolant (water) on 
those hot surfaces found to be ignition sources, 
and (3) disconnect aircraft electrical system at 
the battery and generator. 

Constellation CO. Fire Extinguisher System. 
Lockheed Field Serv. Dig., May-June, 1959, pp 
6-9. 


U.S., NASA TN D-101, Oct., 


Structures 
Bars & Rods 
A Simple, Direct Procedure for Finding 
Dimensions of Minimum-Weight Tubular 


Members Under Torsion and Interna! Pressure. 
B. Saelman. Mach. Des., Dec. 24, 1959, pp. 129- 
131. 


Influence of Weakening of a Bar on the 
Critical Force in the Elastic-Plastic Range. 
M. Wnuk and M. Zyczkowski. Acad. Pol. Sci 
Bul., Tech. Sci. Ser., Nos. 7-8, 1959, pp. 447- 
457. 15 refs. Derivation of a formula deter- 
mining the critical compressive force in the elas- 
tic plastic range for a weakened bar. 


Elastic-Plastic Torsion of a Circumferentially 
Notched Bar. J. B. Walsh and A. C. Mackenzie. 
J. Mech. & Phys. Solids, Oct., 1959, pp. 247-257. 
10 refs. USAF-sponsored analysis considering 
(a) the determination of a relationship between 
applied torque and extent of plastic region, (b) 
angle of twist over a suitable gage length, and (c) 
plastic strains in the plane of the notch. The 
latter two values are compared with experi- 
mental values. 


The Generation of Torsional Stress Waves in 
a Circular Cylinder. R. P.N. Jones. Quart. J 
Mech. & Appl. Math., Aug., 1959, pp. 325-336 
Presentation of a general solution in series form 
for problems in which torsional waves are gener- 
ated in a bar of circular section as a result of 
given initial conditions, or given external stresses. 


Beams & Columns 


Nonlinear Creep Deformations of Columns of 
Rectangular Cross Section. H. H. Bleich and 
. W. Dilon, Jr. (ASME Annual Meeting, 
Atlantic City, Nov. 29-Dec. 4, 1959, Paper 59- 
A-1.) ASME Trans., Ser. E - AM, Dec., 1959, 


pp. 517-525. ONR-sponsored research. 


Cylinders & Shells 


On the Accuracy of Some Shell Solutions. 
G. D. Galletly and J. R. M. Radok. (ASME 
Summer Conf., Troy, June 18-20, 1959, Paper 
59-APM-30.) ASME Trans., Ser. E - AM, 
Dec., 1959, pp. 577-583. 11 refs. Outline of 
the method developed by Dingle for obtaining 
asymptotic solutions of ordinary differential 
equations of the type encountered in the bending 
theory for shells of revolution; comparative 
evaluation of the Langer method; and comparison 
of edge influence coefficients due to bending loads, 
obtained by using the asymptotic solutions and 
numerical integration of the equilibrium equa- 
tions, respectively. 


The Effect of End Conditions on the Dynamic 
Loading of Plastic Shells. P. G. Hodge, Jr. 
J. Mech. & Phys. Solids, Oct., 1959, pp. 258- 
263. Analysis considering a circular cylindrical 
shell of a rigid-plastic material uniformly loaded by 
aradial step pressure pulse. Explicit formulas are 
obtained for the maximum deformation in the 
shell as a function of the shell geometry and 
pressure magnitude. It is found that for 
moderately long shells the deformation is esseD- 
tially independent of the support conditions at 
the end of the shell. 
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Johns-Manville Announces... 


-Min-KLapD INTERLOK 


.. + @ new structural system interlocking Min-K insulation and high-temperature reinforced plastic 


Missile experience shows that in certain 
heat control situations no one material 
will perform as well as two (or more)— 
an insulation with protective high-temper- 
ature facings. 


Problem is how to effectively combine 
these materials into a structurally strong 
unit? The answer is Min-Klad Interlok 


1) Outer facing, 2) Interlocking web, 3) Core, 
any one of several Min-K formulations, and 
4) Inner facing. 


All the above components combine to provide a 
custom-made structural strong insulating system. 


—a new structural system that interlocks 
Min-K insulation and reinforced plastic, 
metal or other high-temperature facings. 


The result: one product that gives the 
missile designer every advantage of high- 
temperature plastic or metal foil— 
strength, toughness, rigidity! Erosion re- 
sistance! High heat capacity! 


... plus the outstanding advantages of 
Min-K insulation—an insulating core that 
has the lowest thermal conductivity avail- 
able for service temperatures up to 2000°F 
steady-state, and higher for transients. 
Min-K’s thermal conductivity is actually 
lower than the molecular conductivity 
of still air. 


Wide range of facings 
For the hot face, the missile designer can 


specify Min-Klad Interlok in a wide 
variety of heat-resistant and/or ablating 
materials—asbestos-phenolic (ARP-40), 
and similar reinforced plastics, as well as 
Stainless steel and other heat-resistant 
metal foils and meshes. For some require- 
ments, the cool face can be made of a 
different material—for example, one that 
offers characteristics required for bonding 
or fastening to other surfaces and parts. 


Like all J-M Aviation insulations, Min- 
Klad Interlok is factory-fabricated to 
your specifications into external skin 
panels, heat shields, cylindrical liners or 
component housings of any shape or size. 
Write today for technical specifications. 
Address Johns-Manville, Box 14, New 
York 16, New York. In Canada, Port 
Credit, Ontario. 


JOHNS -MANVILLE 


JOHNS-MANVILLE 


March 1960 + 
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Carrying Capacity of Elastic-Plastic Shells 
with Various End Conditions, Under Hydro- 
static Compression. Burton Paul. ME 
Summer Conf., Troy, June 18-20, 1959, Paper 
59-APM-16.) ASME Trans., Ser. E - AM, 
mn 1959, pp. 553-560. ONR-sponsored re- 
search. 


A Hinged Thin Shallow hots Shell 
Rectangular in the Horizontal Projection. ; 
Lawruk. Acad. Pol. Sci. Bul., Tech. Sci. Ser., 
Nos. 7-8, 1959, pp. 413-418. Study of a thin 
shallow shell hinged on rigid diaphragms and 
subjected to a normal, functionally distributed 
load acting on its surface. 


phragms. R. F. Dressler. (ASME Annual 
Meeting, New York, Nov. 30-Dec. 5, 1958, 
Paper 58-A-62.) ASME Trans., Ser. D - BE, 
Dec., 1959, pp. 651-659. USAF-supported 
solution of the exact linear elastic-shell equations 
for all stresses and displacements in a typical 
corrugated-diaphragm for three thicknesses 
varying over a nine to one range. 

Elasticity & Plasticity 

On the Foundations of the Theory of Elasticity 
of Plane Incompressible Non-Homogeneous 
Bodies. Jézef Golecki. Arch. Mech. Stosowanej, 
No. 4, 1959, pp. 383-398. Analysis considering 
a two-dimensional elastic incompressible non- 
homogeneous body subject to plane strain. 

A Non-Homogeneous Orthotropic Circular 
Segment as an Elastic-Plastic Problem. 
Olszak and S. Zahorski. Arch. Mech. Stosowanej, 
No. 4, 1959, pp. 409-419. 13 refs. Gemneraliza- 
tion of a problem solved by Shaffer and House 
with certain assumptions concerning the loading 
and deformation conditions, as well as the type 
of orthotropy and nonhomogeneity. A wide 
curved bar in the form of a circular segment is 
considered, subject to pure bending by two 
moments increasing monotonically and in a 
continuous manner with time ¢. 


The Effects of Inelastic Action on the 
Resistance to Various Types of Loads of Ductile 
Members Made from Various Classes of Metals. 
XI—Photoelastic Analysis of I-Beams with 
Elliptic-Type Web Cutouts. W. J. Worley. 
USAF WADC TR 56-330, Pt. XI, Sept., 1959. 
20 pp. Presentation of information on elastic 
stress distribution around the cutouts and 
comparison with available data on aluminum 
alloy I-beams. 


Unloading Wave for a Body with Rigid Un- 
loading Characteristic. Sylwester Kaliski and 
Jan Osiecki. Vibration Prob. Proc., No. 1, 1959, 
pp. 49-66. Derivation of an exact closed solution 
for a semi-infinite bar, and presentation of a 
method for solving the cases with two particular 
aimee of a sudden and an increasing-decreasing 
load. 


A Problem on Stress Waves in an Infinite 
Elastic Plate. yg Waves in an 
Infinite Isotropic, Elastic Plate Subjected to a 
Transverse Impulsive Line Load. K. B. Broberg. 
KTH Trans. 139, 1959. 26 pp. Analysis con- 
sidering an infinite, isotropic, elastic plate 
subjected to a transverse impulsive load at one 
point of its upper surface. The displacement at 
that point on the lower surface that is opposite 
to the point of impact has been calculated and 
evaluated numerically. Solution is found by 
using a method to due to Cagniard. 


Impact and Moving Loads on a Slightly Curved 
Elastic Half Space. A. C. Eringen and J. C. 
Samuels. (ASME Annual Meeting, Atlantic 
City, Nov. 29-Dec. 4, 1959, Paper 59-A-2.) 
ASME Trans., Ser. E - AM, Dec., 1959, pp. 
491-498. ONR-sponsored application of two- 
dimensional Fourier transforms to the dynamic 
problem of an elastic half-space, considering 
such boundary curves as squares and triangular 
bumps and holes, as well as sinusoidal and periodic 
boundaries. Various types of surface loadings 
are studied, and closed-form results are given for 
a uniform pulsating pressure load. 


On Plane-Stress Solution of a Compressible 
Wedge with the Use of Mises’ Yield Condition. 
A. Kalnins. ASME Trans., Ser. E- AM, Dec., 
1959, pp. 676-678. Navy-sponsored research. 
Fatigue 

Fatigue Loadings in Flight: Loads in the Tail- 

lane and Fin of a Jet Provost. Appendix I— 

ight Tests. Appendix II—Estimation of Load 
Occurrences in a 120 Hour Training Course. 
Anne Burns. Gt. Brit., ARC CP 440, 1959. 36 
pp. BIS, New York, $0.81. Presentation of data 
on the fluctuating and steady loads measured 
during flight of a Jet Provost. Conditions 
include take-off, landing, taxiing, flight in 


turbulence, aerobatics, and the use of the air- 
brakes and flaps. 


Plates 


Bending of Thin Rectangular Plates with 
Edge Beams. M. N. Keshava Rao. ASME 
Trans., Ser. E - AM, Dec., 1959, pp. 686-688. 
Presentation of equations leading to the solution 
of the general problem of a plate with edge 
beams having different flexural and torsional 
rigidities. 
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Flexure of Nonhomogeneous Cylindrically 
Aeolotropic Plate. R.L. Thorkildsen and W. H. 
Hoppmann, II. ASME Trans., Ser. E - AM, 
Dec., 1959, pp. 669-672. Presentation of a 
method for determining the deflection of a 
circular plate in which the elastic constants are 
7 aeolotropic but vary along the 
radius. 


Transient Analysis of Stress-Wave Penetration 
in Plates. Norman Davids. (ASME Annual 
Meeting, Atlantic City, Nov. 29-Dec. 4, 1959, 
Paper 59-A-16.) ASME Trans., Ser. E - AM, 
Dec., 1959, pp. 651-660. 15 refs. Army- 
sponsored study of the propagation of a transient 
stress pulse concentrated at a point on the bound- 
ary of a plate whose thickness is of the order of a 
wavelength. 


Stan Naprezenia i Przemieszczenia w Grubej 
Ptycie Kotowej Wywotany Dziataniem Nieu- 
stalonego Pola Temperatury. Whlodzimierz 
Derski. Rozprawy Intynierskie, No. 2, 1959, 
pp. 191-233. 10 refs. In Polish, with summaries 
in English and Russian. Analysis of the stress 
and displacement in a thick circular plate due to 
a nonsteady axially symmetric temperature field. 

General Expressions for the Boundary Condi- 
tions and the Differential Equation of Equilibrium 
and Vibration of an Anisotropic, Non-Homogen- 
eous Plate. Z. Mazurkiewicz. Acad. Pol. Sci. 
Bul., Tech. Sci. Ser., No 9, 1959, pp. 519-530. 

Strength of an Unlimited Disc with a Rigid 
Medium. H. Czudek. Acad. Pol. Sci. Bul., 
Tech. Sci. Ser., Nos. 7-8, 1959, pp. 425-430. 
Study of the problem of one-directional tension in 
an unlimited disc with a rigid medium of a circular 
elliptical, triangular, or square shape, or that of a 
straight slit. The analysis is used to determine 
the state of stress in the disc due to sections 
welded onto the disc, as well as the welding stresses, 
provided the welded elements are sufficiently rigid. 


Dynamic Plastic Deformations of Simply- 
Supported Square Plates. A. D. Cox and L. W. 
Morland. J. Mech. & Phys. Solids, Oct., 1959, 
pp. 229-241. 10 refs. Analysis of a simply 
supported plate subjected to a uniformly dis- 
tributed rectangular pressure pulse. All effects 
due to elastic strain, work hardening, and strain 
rate are neglected and, to simplify further, 
Joansen’s yield criterion is adapted as an ap- 
proximation to that of Tresca. 


A Semi-Infinite Plate Under the Action of 
Internal Load. F. Szelagowski. Acad. Pol. Sci. 
Bul., Tech. Sci. Ser., Nos. 7-8, 1959, pp. 431- 
436. Analysis of the state of stress in a plate 
representing a half-plane, due to the action of 
concentrated internal forces and moments. 


Plates with Holes 


Transverse Flexure of a Semi-Infinite Thin 
Plate Containing an Infinite Row of Circular 
Holes. O. Tamate. (ASME West Coast Conf., 
Stanford, Sept. 9-11, 1959, Paper 59-APMW- 
15.) ASME Trans., Ser. E- AM, Dec., 1959, pp. 
661-665. 10 refs. 


Sandwich Construction 


Sandwich Structure for High Temperature 
Vehicles. H.R. Ashley. (NATO AGARD 8th 
Structures & Materials Panel Meeting, Copen- 
hagen, Oct. 20-25, 1958.) NATO AGARD Rep. 
216, Oct., 1958. 38 pp. Review of data on 
high-temperature sandwich structure from the 
viewpoint of theoretical structural efficiency and 
practical design and manufacturing. 


Testing Methods 


Development of a Fatigue Testing Apparatus 
for Testing Honeycomb Sandwich Structural 
Panels in Service-Simulated Sonic Fatigue. 
E. F. E. Zeijdel and W. H. Ashley. USAF 
WADC TR 59-231, Sept., 1959. 33 pp. Descrip- 
tion of theoretical and experimental investiga- 
tions indicating the need of a 200,000 volts a.c. 
generator to simulate electrostatic fields. Due to 
the expense of the project an alternative method is 
discussed. In addition, it is indicated that the 
medium surrounding the test specimen must be 
changed to prevent corona discharge. 


Equipment for ‘‘Watching’’ Propagation Stress 
Waves. H. Becker Rev. Sci. Instr., Dec., 
1959, pp. 1107-1109. Description of an ex- 
perimental arrangement in which the propagation 
of stress waves generated by impact may be 
“watched” photoelastically. In addition to 
providing control over the observed progress of 
the wave, the apparatus makes possible photog- 
raphy of the wave with conventional cameras. 


A Photoelastic Approach to Transient Stress 
Problems Employing Low-Modulus Materials. 
J. W. Dally, W. F. Riley, and A. J. Durelli. 
(ASME Annual Meeting, Atlantic City, Nov. 29- 
Dec. 4, 1959, Paper 59-A-10.) ASME Trans., 
Ser. E - AM, Dec., 1959, pp. 613-620. 16 refs. 
USAF-sponsored research. 


High-Temperature Testing of Aircraft 
Structures. R.R. Heldenfels. (NATO AGARD 
8th Structures & Materials Panel Meeting, Copen- 
hagen, Oct. 20-25, 1958.) NATO AGARD Rep. 
205, Oct., 1958. 38 pp. 32 refs. Discussion of 
equipment and techniques used for high-tem- 
perature testing of aircraft structures and 


materials at NASA Langley Aeronautica Labo- 
ratory. 


Thermal Stress 


On Inertia Effects in a Transient Thermo- 
elastic Problem. Eli Sternberg and J. G. Chak- 
ravorty. (ASME Summer Conf., Troy, June 
18-20, 1959, Paper 59-APM-9.) ASME Trans., 
Ser. E - AM, Dec., 1959, pp. 503-509. 14 refs. 
ONR-supported study of the transient thermo- 
elastic problem for a semi-infinite medium which 
is constrained against transverse displacements 
and is exposed to a uniform time-dependent 
heating (or cooling) of its entire plane boundary. 
The displacements are determined in closed form, 
the field of thermal stress is compared with the 
corresponding quasi-static stress distribution, 
and the results are compared with data from 
earlier investigations. 


The Dynamic Stresses Produced in Elastic 
Bodies by Uneven Heating. G. Eason and I. N. 
Sneddon. Royal Soc. (Edinburgh) Proc., Sect. 
A, 1958-1959, Pt. II, pp. 143-176. 20 refs. 
Derivation of general solutions of the equations 
of thermoelasticity in two simple situations: 
(a) when the stresses are produced in an infinite 
solid by a given distribution of heat sources, and 
(b) when the stresses are produced in a semi- 
infinite solid by imposing a prescribed distribution 
= ean on the plane boundary of the 
solid. 


General Introduction to Thermal Structures. 
James Taylor. (NATO AGARD 8th Structures & 
Materials Panel Meeting, Copenhagen, Oct. 20- 
25, 1958.) NATO AGARD Rep. 206, Oct., 
1958. 20 pp. 13 refs. Survey of the basic data 
on aerodynamics and materials, including 
review of the developed structural theory. 
Procedures for using these in selecting structural 
shapes for particular application are suggested. 
Also included is a discussion on the technique 
combining strains due to temperature and those 
due to load. 


Large Defiections of Structures Subjected to 
Heating and External Loads. M. J. Turner, E. 
H. Dill, H. C. Martin, and R. J. Melosh. (JAS 
27th Annual Meeting, New York, Jan. 26-29, 
1959, Rep. 59-26.) J. Aero/Space Sci., Feb., 
1960, pp. 97-106, 127. 


Mechaaism and Mechanics of Creep of 
Plastics. I. W. N. Findley. SPE J., Jan. 
1960, pp. 57-65. 17 refs. Study of the mecha- 
nism of creep considering three classes of plastics: 
(a) linear polymers, (b) space polymers, and (c) 
reinforced plastics. Mechanical models of 
creep under varying stress are described along 
with such concepts as the mechanical equation of 
state, strain and time hardening, and the principle 
of superposition. 


Thermal Stress Propagation in Visco-Elastic 
Bodies. II. W. Nowacki. Acad. Pol. Sci. Bul., 
Tech. Sci. Ser., Nos. 7-8, pp. 459-467. Extension 
of previous work to the case of thermal stress due 
to a linear or plane source of heat. 


A General Approach to the Practical Solution 
of Creep Problems. A. Mendelson, M. H. Hirsch- 
berg, and S. S. Manson. (ASME Annual 
Meeting, New York, Nov. 30-Dec. 5, 1958, Paper 
58-A-98.) ASME Trans., Ser. D - BE, Dec., 
1959, pp. 585-594; Discussion, pp. 595-598. 
10 refs. Presentation of a method applicable to 
different creep laws and loading paths. Examples 
are presented for the creep in a flat plate with a 
temperature gradient and for several cases of 
rotating discs. 


Thermal Stresses Owing to a Hot Spot ina 
Rectangular Strip. C. W. Nelson. (ASME 
Annual Meeting, Atlantic City, Nov. 29—Dec. 4, 
1959, Paper 59-A-8.) ASME Trans., Ser. 
E - AM, Dec., 1959, pp. 488-490. Application 
of the Fourier integral approach to derive the 
thermal stresses for the plane-stress problem of a 
circular hot spot in an infinitely long straight 
strip of rectangular cross section. Numerical 
values are given for the stresses on the edges and 
both centerlines of the strip for a particular 
case. 


The Propagation of Thermal Stresses in 
Thin Metallic Rods. I. N. Sneddon. Royal 
Soc. (Edinburgh) Proc., Sect. A, 1958-1959, 
Pt. II, pp. 121-142. 14 refs. Calculation of the 
distribution of temperature and stress in an 
elastic rod when its ends are subjected to mechan- 
ical or thermal disturbances. Simple waves in an 
infinite rod are first discussed, followed by bound- 
ary vaiue problems for semi-infinite rods and 
rods of finite length. An approximate method 
of solving the equations of thermoelasticity is 
also presented. 


A Certain Dynamic Problem of Thermo- 
elasticity Concerning the Circular Disc. . 
Piechocki. Acad. Pol. Sci. Bul., Tech. Sci. 
Ser., No. 9, 1959, pp. 513-518. Analysis of the 
state of displacement and stress in a circular disc 
due to the action of a heat source varying harmon- 
ically in time. Isotropy and homogeneity are 
assumed both for thermal and elastic properties. 


Note on a Thermoelastic Problem for a Trans- 
versely Isotropic Hollow Sphere Embedded in an 
Elastic Medium. J. Nowinski. (ASME Summer 
Conf., Troy, June 18-20, 1959, Paper 59-APM- 
27.) ASME Trans., Ser. E - AM, Déc., 1959, 
pp. 649, 650. USAF-supported research. 
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Thermal Stresses due to a Thermal Inclusion 
in a Circular Ring and a Spherical Shell. 
Piechocki and J. Ignaczak. Acad. Pol. Sci. 
Bul., Tech. Sci. Ser., Nos. 7-8, 1959, pp. 419- 
424. Determination of the state of stress in a 
circular ring and a spherical shell due to a dis- 
continuous temperature field. In both cases the 
solution is represented in the form of a series, the 
coefficients of which constitute the solution of a 
system of algebraic equations with four unknowns. 


A Plane Dynamic Problem of Thermoelasticity 
Concerning a Circular Hole. Acad. Pol. Sci. 
Bul., Tech. Sct. Ser., Nos. 7-8, 1959, pp. 469- 
475. Analysis of a problem of stress-wave 
propagation due to a line source parallel to the 
axis of the infinite cylinder. It is assumed that 
the temperature and the stress of the lateral 
surface of the cylinder are zero. 


Dynamic Thermoelastic Problem of a Spherical 
Cavity. Jézef Ignaczak. Arc. Mech. Stosowanej, 
No. 4, 1959, pp. 399-408. Analysis considering 
the propagation of elastic waves in the vicinity 
of a spherical cavity, due to the action of a 
concentrated heat source varying with time. 


Wings 


Structural Analysis of High Speed Wings for a 
Quasi-Triaxial Elastic State in the Skin, Bi- 
Axial in the Longitudinals. P. J. Theodorides. 
U. Md. Inst. Fluid Dynamics & Appl. Math. 
Paper, 1957, pp. 71-85. 26 refs. Reprint. 
USAF-sponsored presentation of a method of 
structural analysis based on an improved plate 
theory. Elastic interplay of skin and stiffness 
is considered, attempting to avoid the intricacies 
of — skin theory and defects in Kirchhoff’s 
method. 


Thermodynamics 


The Minimum-Weight Straight Fin of Tri- 
angular Profile Radiating to Space. N. 
Nilson and Richard Curry. J. Aero/Space Sci., 
Feb., 1960, pp. 146, 147. 


Minimizing the Mass of Thin Radiating Fins. 
J. E. Wilkins, Jr. J. Aero/Space Sci., Feb., 1960, 
pp. 145, 146. Derivation of a method for mass 
reduction in fins by taking advantage of the 
freedom to choose the fin profile. 


Combustion 


The Burning Velocity of Hydrogen-Air Mixtures 
and Mixtures of Some Hydrocarbons with Air. 
T. G. Scholte and P. B. Vaags. Comb. & Flame, 
Dec., 1959, pp. 494-501. Description of an 
apparatus for measuring the burning velocity of 
gas-air mixtures within an accuracy of about 5 per 
cent. Data are presented for various gas-air 
mixtures. 


The Influence of Small Quantities of Siptewmes 
and Hydrogen Compounds on the Burning 
Velocity of Carbon Monoxide—Air Flames. T. G. 
Scholte and P. B. Vaags. Comb. & Flame, Dec., 
1959, pp. 503-510. 14 refs. 


Burning Velocities of Mixtures of Hydrogen, 

bon Monoxide and Methane with Air. T. G. 
Scholte and P. B. Vaags. Comb. & Flame, Dec., 
1959, pp. 511-524. 

Notes on Gaseous Nitric Acid—-Hydrocarbon 
Flames. J. Mertens and R. L. Potter. Comb. & 
Flame, Dec., 1959, pp. 525-527. Study showing 
that substitution of argon for nitrogen as shielding 
fluid about nitric acid hydrocarbon flames does 
not change the spectra involving CN and NH 
radicals. In addition, photographs in color 
show qualitative difference between low- and 
high-temperature inlet gases. 


Structure of Hydrocarbon (C2)-Oxygen Flames. 
R. M. Fristrom, W. H. Avery, and C. Grunfelder. 
(Quart. Rev. Bumblebee Activ., Jan.-Dec., 1958.) 
Johns Hopkins U. APL BB Rep. 283, 1959, pp. 
29-34. Survey of the chemistry of three 'ean 
hydrocarbon (C2)-oxygen flames. The precision 
of the flame sampling method permits quantitative 
interpretation of the concentration profiles. 
Conditions for these flames were chosen so as to 
minimize chemical complications and to match 
Physical properties. 

Mechanism of Propane-Air Reaction Based on 
Analysis of Flame Front Profiles. R. M. Fristrom, 
A. A. Westenberg, and W. H. Avery. (Quart. 
Rev. Bumblebee Activ., Jan.-Dec., 1958.) Johns 
Hopkins U. APL BB Rep. 283, 1959, pp. 1-4. 

scussion of techniques for studying the struc- 
ture of flame fronts as the new source of informa- 
tion on high-speed, high-temperature reactions. 
Application is made to a propane-air flame to 
establish the existence of a single dominant 
reaction for the initial attack of propane. 

Blowoff of Propane aud Hydrogen Diffusion 

High Mach umber, Ramjet. 

R. J. Bacigalupi and E. A. Lezberg. 
S., NASA TN D-67, Dec., 1959. 24 pp. 
Presentation of blow-off conditions for fiames 
fabilized in the wake of cylindrical fuel injectors. 
he effect of varying pressure, temperature, 


Publications abstracted may be 
borrowed from the IAS Library. 
In making inquiry, please men- 
tion the month of Aero/Space 
Engineering in which the abstract 
appeared. This will facilitate 
servicing of requests. 


and air and fuel flows is determined for several 
fuel-orifice and tube diameters. The propane 
blow-off and hydrogen data are correlated; the 
correlations are derived from a thermal ignition 
model for flame stabilization. 


Considerations Pertaining to Spherical-Vessel 
Combustion. J. Grumer, E. B. Cook, and T. A. 
Kubala. Comb. & Flame, Dec., 1959, pp. 437- 
446. 12 refs. ONR-sponsored discussion on the 
interpretation of measured flame speed and 
pressure rise rates during combustion in a spheri- 
cal vessel. This deals with recent improvements 
in theory and verification of the previous findings 
that the pressure exponent of the burning velocity 
is positive for some mixtures. The ability to 
measure approximately expansion ratios of 
gases burning in a closed vessel and new tests for 
thermochemical equilibrium in the burnt gases 
are also reported. 


Further Measurements of Turbulence Intensity 
in Flame Zones. A. A. Westenberg and J. L. 
Rice. Comb. & Flame, Dec., 1959, pp. 459- 
465. Navy-supported extension of a system 
reported —_——— to study the interaction of 


— and turbulence at positions throughout a 
uct. 


Quenching Diameters of Some Fast Flames at 
Low Pressures. E. Anagnostou and A. E. Potter, 
Jr. Comb. & Flame, Dec., 1959, pp. 453-457. 
12 refs. Presentation of quenching diameters as 
a function of pressure for some fast stoichio- 
metric hydrocarbon-oxygen and hydrogen-oxygen 
flames. The order of increasing ease of quenching 
is acetylene, ethylene, hydrogen, and propane. 

Method for the Study of Deflagration to 
Detonation Transition. F. C. Gibson, M. L. 
Bowser, and Ch. M. Mason. Rev. Sci. Instr., 
Oct., 1959, pp. 916-919. Development of a 
method, based on the variation of electrical 
resistance in a wire element introduced into the 
charge, for the continuous measurement of 
burning and detonation rates in opaque materials. 


Heat Transfer 


Experimental Studies of Free Convection Heat 
Transfer. . Tetsu Fujii. JSME Bul., Nov., 
1959, pp. 555-558. Description of experiments 
showing that local heat transfer coefficients, 
which are measured directly, are scarcely affected 
by the development of the vortex street in the 
boundary layer, but discontinuously increased by 
the transition to a turbulent flow. 

An Analysis of Turbulent Free Convection 
Heat Transfer from 4 Vertical Surface. Tetsu 
Fujii. JSME Bul.. Nov., 1959, pp. 559-563. 
10 refs. Presentation of approximate solutions 
for the transient turbulent boundary layer and the 
fully turbulent boundary layer. 


Periodic Temperature Distribution in Lami- 
nated Solids. R. J. Groshh USAF WADC TN 
59-185, July, 1959. 20 pp. 37 refs. Analysis 
of periodic heat conduction in plane, cylindrical, 
and spherically laminated solids. Attention is 
given to cases of isotropic laminates, with constant 
product of density and specific heat and space 
varying thermal conductivity, after the transient 
period state has disappeared. 

Free Convection Past a Vertical Flat Plate: 
Some Numerical Results. J. B. Baron and 
Morton Finston. MIT NSL TR 269, Mar., 1959. 
23 pp. Presentation of exact solutions in numeri- 
cal form for the free convection flow past a 
vertical plane surface of nonuniform temperature. 

Heat Transfer from a Nonisothermal Disk 
Rotating in Still Air. J. P. Hartnett. ASME 
Trans., Ser. - AM, Dec., 1959, pp. 672, 673. 
10 refs. 

A Solution of the Steady Linear Heat-Flow 
Equation with Heat Generation and Conductivity 


Arbitrary Functions of Temperature. tie 
Stein. ASME Trans., Ser. E - AM, Dec., 1959, 
Ppp. 685, 686. 


Two Heat Diffusion Problems with Shock 
Tube Applications. D. A. Spence. Gt. Brit., 
RAE TN Aero. 2637, July, 1959. 16 pp. Pre- 
sentation of a method for estimating the error 
introduced by edge effects in the calibration by 
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Joule heating of thin film resistance thermometers 
for use in shock tubes. The second problem dealt 
with is the variation of the surface temperature 
—— stagnation point of a bluff body in a shock 
tube. 


VTOL & STOL 


Ryan Versatile Vertifan. Ryan Reporter, Oct. 
14, 1959, pp. 18, 19, 25. Discussion of a system 
featuring a fan or a set of fans, horizontally 
submerged within the wing and powered by a 
tip turbine, driven by the jet engine exhaust to 
provide the lift for vertical take-off and hovering. 


An Investigation to Determine Conditions 
Under Which Downwash from VTOL Aircraft 
Will Start Surface Erosion from Various Types 
of Terrain. R. E. Kuhn. : SA TN D- 
56, Sept., 1959. 43 pp. 11 refs. 


Ducted Propellers—A Critical Review of the 
State of the Art. A. H. Sacks and J. A. Burnell. 
Hiller Aircraft Adv. Res. Div. Rep. ARD-232, 
June 26,1959. 71 pp. 125 refs. 


Preliminary Study of the Hovering Perform- 
ance of Annular Jet Vehicles in Proximity to the 
Ground. Appendix A—Derivation of Approxi- 
mate Power Relations. Appendix B—Procedure 
Employed in Estimating Weights. Harvey 
Chaplin and Bertrand Stephenson. U.S., Navy 
Dept., David Taylor Model Basin Rep. 1374; 
Aero Rep. 947 (TED TMB AD-3242), Aug., 
1958. 25 pp. Derivation of an approximate 
theoretical methed of estimating power required 
‘for an annular jet vehicle with near-optimum 
nozzle geometry. Charts showing the approxi- 
mate relations between size, altitude, gross 
weight, and power are developed by this method. 


Wind-Tunnel and Piloted Flight Simulator 
Investigation of a Defiected-Slipstream VTOL 
Airplane, the Ryan VZ-3RY. H. A. James, R. C. 
Wingrove, C. A: Holzhauser, and F. J. Drink- 
water, III. U.S., NASA TN D-89, Nov., 1959. 
88 pp. 14 refs. Study of the characteristics ofa 
deflated-slipstream VTOL aircraft during a 
transition from hovering to normal flight. The 
longitudinal, lateral, and directional stability 
and control characteristics of the vehicle are 
measured in the tunnel. 


Full-Scale Wind-Tunnel Investigation of the 
Longitudinal Characteristics of a Tilting-Rotor 
Convertiplane. D. G. Koenig, R. K. Greif, and 
M. W. Kelly. U.S.,NASA TN D-35, Dec., 1959. 
39 pp. Presentation of test results for the XV-3 
convertiplane. Aircraft configuration variables 
were angle of attack, rotor-pyion angle, power, 
and longitudinal control. With the exceptions of 
a few tests made at or near zero airspeed, most 
of the tests were made at approximately 60 and 
120 knots. Rotor characteristics, aircraft 
static stability, and several conversion procedures 
are analyzed. 


An Analysis of Steady Straight Flight with 
Inclined hrust. Appendix _I—Method of 
Calculation of Performance Diagrams. Ap- 
pendix II—Angular Relations When A > 1. 
Appendix III—Variation of Performance with 
Thrust Inclination. S. B. Gates and A. W. Ree ng 
Gt. Brit., ARC R&M 3096 (Mar., 1953) 19 9. 
32 pp. BIS, New York, $2.07. Study of Griffith’s 
proposai for jet aircraft in which the sea-level 
thrust must exceed the weight and should be 
continuously rotatable through 90° from its 
normal direction in order that the aircraft 
should take-off and land vertically in the usual 
attitude. A vectorial method of analysis is used 
in displaying the special features of the perform- 
ance of such aircraft at both high and low speed. 


Wind-Tunnel Investigation of Effect of 
Ratio of Wing Chord to Propeller Diameter with 
Addition of Slats on the Aerodynamic Character- 
istics of Tilt-Wing VTOL Configurations in the 
Transition Speed Range. R. T. Taylor. U.S., 
NASA TN D-17, Sept., 1959. 42 pp. ; 

A Flight Study of the Conversion Maneuver 0! 
a Tilt-Wing VTOL Aircraft. L. P. Thomas, III. 
U.S., NASA TN D-153, Dec., 1959. 11 pp. 
Test results showing that the configuration is 
capable of performing continuous slow level- 
flight conversions with no major longitudinal 
trim changes. Studies have shown that the 
explanation of this ability lies in the shift with 
wing incidence of the curves of longitudinal stick 
trim position plotted against airspeed and the 
direction of the slopes of these curves at inter- 
mediate incidences. 


Water-Based Aircraft 


A Brief Investigation of the Effect of Waves on 
the Take-Off Resistance of a Seaplane. E. J. 
Mottard. U.S., NASA TN D-165, Dec., 1959. 
17 pp. 

The Full-Scale Air Drag of Some Flying-Boat 
Seaplanes. A. G. Smith. Gt. Brit., ARC R&M 
3082 (Feb., 1956) 1959. 56 pp. 24 refs. BIS, 
New York, $3.60. Presentation of data on the 
Sunderland, Solent, Shetland, Sealand, Saro 
E. 6/44, and Princess seaplanes. 
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from PLENUM PRESS... 


ADVANCES IN THE ASTRONAUTICAL SCIENCES, Vol.5 


This latest volume in the series is the proceedings of the Western 
National Meeting of the American Astronautical Society which was 
held in August, 1959. The volume includes the opening address by Dr, 
Wernher von Braun, and 26 reports which represent original technical 
research both from theoretical and experimental aspects. Topics under 
discussion include Space Mechanics, Control and Guidance; Advanced 
Propulsion and Power; Astronautical Systems and Space Vehicle De- 
sign; Space Communication and Instrumentation; Lunar and Planetary 
Environment. This detailed picture of the scope of current astronautical 
research will prove invaluable to the scientist, as well as form an excel- 
lent guide for the informed layman who desires an insight into the 
current problems of astronautics. 

cloth profusely illustrated $8.00 

Also available: Vols. 1-4, $8.00 each. (Price for complete 4-volume set: $28.00) 
Detailed tables of contents upon request. 


EXPLODING WIRES 
Edited by William G. Chace and Howard K. Moore 


The increasing contemporary importance of this scientific phenomenon 
was dramatically indicated by the unexpectedly large attendance at the 
1959 Conference on Exploding Wires. This volume, a complete record 
of the conference, includes reports of theoretical research in the field 
and new developments and applications. In this book—the first ever pub- 
lished on the subject in any language-—scientists, students, and tech- 
nologists will find a wealth of incisive material dealing with high-speed 
photographic techniques, shock waves, and the physics of fluids. 


cloth 374 pages profusely illustrated $9.50 


ARTIFICIAL EARTH SATELLITES Volumes 1 and 2 
Edited by L. V. Kurnosova Translated from Russian 


The publication of this double-volume book marks the appearance of 
the first translation of the revised texts of the reports read at the Fifth 
Assembly of the Special IGY Committee, which took place at Moscow 
in August, 1958. Volume 1 explores data obtained by the first two 
satellites and includes discussions on the ionosphere, cosmic radiation, 
and space biology. (Data collected on the first astronaut—the dog Laika 
—are presented.) Volume 2 documents work carried out with the third 
satellite (which contained a complete space laboratory), as well as 
with rockets. 


cloth 236 pages illustrated $9.50 


ADVANCES IN CRYOGENIC ENGINEERING, Volumes 1-5 
Edited by K. D. Timmerhaus 


These five volumes are the proceedings of the Cryogenic Engineering 
Conferences held in 1954, 1956-1959. (There was no meeting in 1955.) 
Subjects under discussion include: Cryogenic Tankage for Space Flight 
Applications; A Study of Condensing-Vacuum Insulation; Multiple- 
Layer Insulation; Nucleate- and Film-Boiling Studies with Liquid Hydro- 
gen; The Liquefaction of Natural Gas; Some Mechanical Properties of 
Magnesium Alloys at Low Temperatures; An Experimental Study Con- 
cerning the Pressurization and Stratification of Liquid Hydrogen; 
Maximum-Rate Theory of Impact Sensitivity. 


cloth over 250 pages in each volume $13.50 per volume 
(Price for complete set of 4 back volumes: $35.00) 


Ignition of cold hydrogen gas by Very pistol 
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. . . inthe field of aeronautical engineering and space technology 


AERODYNAMICS. FLUID MECHANICS 


Turbulence; An Introduction to its Mechanism 
and Theory. J. O. Hinze. New York, McGraw- 
Hill Book Co., Inc., 1959. 586 pp., illus., diagrs. 


The text originates from a series of lectures 
given by the author to chemical engineers of the 
Royal/Dutch-Shell laboratories at Amsterdam 
and Delft during 1950. The material, which has 
been brought up to date, is designed to familiarize 
both chemical and mechanical engineers with the 
role played by turbulence in problems of mixing 
and heat and mass transfer, as well as the mech- 
anism of turbulence in relation to flow resistance. 
Not all questions about turbulence are considered. 
For instance, instability theories and transition 
from laminar to turbulent flow is not mentioned, 
and the effect of compressibility of the fluid on 
turbulence phenomena has been touched upon 
only incidentally. Although the treatment starts 
from first principles and the use of mathematics 
has been reduced to a minimum, a fair knowledge 
of mathematics and physics is prerequisite to an 
adequate comprehension of the text. 

Professor Hinze is Professor of Fluid Mechanics, 
Technological University, Delft. 


Open-Channel Hydraulics. Ven Te Chow: 
New York, McGraw-Hill Book Co., Inc. 1959- 
680 pp., illus., diagrs., tables. $17. 

This textbook for both undergraduate and grad- 
uate students is also designed as a compendium 
for practicing engineers. The use of advanced 
mathematics is deliberately avoided as much as 
possible, and the explanation of hydraulic theories 
is greatly simplified as far as practicable. 

The text is organized into five parts, the first 
three of which would ordinarily be treated in a 
one-semester course on open-channel hydraulics. 
Part 1 is on basic principles. Part 2 discusses uni- 
form flow and Part 3 gradually varied flow. In 
Part 4, on rapidly varied flow, the treatment of 
the problem is largely supported by experimental 
data because this type of flow is so complicated 
that a mere theoretical analysis in most cases will 
not yield sufficient information for the purpose of 
practical design. In Part 5, on unsteady flow, the 
treatment is general but practical; a higher level 
of advanced mathematics would be required for a 
comprehensive treatment. The subject matter 
dwells mainly on the flow of water in channels 
where water contains little foreign material, 
therefore river hydraulics, tidal hydraulics, and 
—" engineering are beyond the scope of this 


Dr. Chow is Professor of Hydraulic Engineering 
and currently heads the hydraulic engineering 
research and teaching programs at the University 
of Illinois. 


CONTROL THEORY 


Digital and Sampled-Data Control Systems. 
Julius T. Tou. New York, McGraw-Hill Book 
Co., Inc., 1959. 631 pp., diagrs., tables. $15. 

The material presented is mainly the outgrowth 
of a set of lecture notes, first prepared in 1956, for 
a course offered by the author to graduate stu- 
dents at the Moore School, University of Pennsyl- 
vania. To the student, it presents in step-by-step 
fashion (the simpler to the more difficult) a dis- 
cussion of basic theory and important techniques; 
for the practicing engineer, it provides in system 
atic form a ready source of reference material. As 
a background to the text, it is assumed that the 
teader has adequate preparation in an introduc- 
tory course on feedback control systems and has a 
sound knowledge of Laplace transforms and com- 
Plex variable theory. 

In addition to many numerical examples worked 
out in the text, Dr. Tou, who is Associate Pro- 
fessor of Electrical Engineering, Purdue Univer- 
sity, has included three appendixes which furnish 
the reader with tables of z transforms and modi- 
fied 2 transforms, numerous references to perti- 
nent literature, and approximately 70 problems of 
Various types and complexity. 


DICTIONARIES 
yencyclopedic Dictionary of Electronics and 
uclear Engineering. Robert I. Sarbacher. 


Englewood Cliffs, N.J., Prentice-Hall, Inc., 1959. 

17 pp., illus., diagrs., tables. $35. 

heed Massive new reference work is the fruit of 

.* years of labor by Dr. Sarbacher, who designed 

it to be of use to a wide spectrum of scientific and 

raustrial workers. There are approximately 
000 entries (in alphabetic order) and 1,400 


illustrations. Cross references are incorporated 
on an equally extensive scale, numbering more 
than 17,000. Under the word “antenna,” for 
example, there are 206 entries and 92 illustrations. 

Wherever practicable, definitions prepared and 
approved by the various professional societies 
have been used, and an abbreviation following 
any entry identifies the source of that entry as one 
of these organizations. Also included are author- 
ized Armed Forces definitions and abbreviations 
(acronyms) of military establishments concerned 
with electronics and nuclear engineering. In 
addition, the dictionary contains a number of 
terms which, strictly, are not unique to electronic 
or nuclear terminologies; these include terms of 
elemental electric and magnetic theory and of 
atomic physics, as well as a number of definitions 
from the broader principles of physics. 

Dr. Sarbacher currently serves as Professional 
Lecturer at George Washington University and 
heads the consulting firm of Robert I. Sarbacher 
and Associates. 


Glossary of Meteorology. Edited by Ralph 
E. Huschke. Boston, American Meteorological 
Society, 1959. 638 pp., $12. 

The Glossary of Meteorology, which aims to de- 
fine every important meteorological term likely 
to be found in the literature today, consists of an 
alphabetical list of words and short phrases 
followed immediately by their definitions or by 
preferred synonyms. Occasionally the reader is 
referred to a related term whose definition con- 
tains an explanation of the term in question, and, 
where a term has more than one definition, each 
is numbered and the first definition is the most 
common or, meteorologically, the most important, 
or both. 

The collecting of terms appearing in this glos- 
sary began in 1952 with an exhaustive survey of 
the literature of the preceding 5 years. This list, 
plus previous collections, provided the platform 
on which the final product was assembled and, 
with the deletion of many old terms and the addi- 
tion of far newer ones, resulted in a final count of 
7,247 entries, which are intended to provide 
adequate information with a minimum of time 
and effort required of its user. 


EDUCATION AND TRAINING 


Your Career as an Aerospace Engineer. 
Published under the Auspices of the Minta Martin 
Aeronautical Student Fund. New York, Insti- 
tute of the Aeronautical Sciences, Inc., 1960. 24 
pp., illus. 

Aimed primarily at the high school student, 
this manual treats of the responsibilities and re- 
wards of a career as a professional aerospace 
engineer. It contains an analysis of the activities 
of the aerospace industry, brief job descriptions, 
and discussion of the challenges that lie ahead, 
both for the industry and for the men who will 
work in it. The kind of man an engineer must 
be in the jet and space age is a featured topic. 

There is a comprehensive section on how a high 
school student can prepare for his college years; 
this covers an estimate of tuition costs, the 
financial assistance available, and a typical aero- 
nautical engineering curriculum. The merits of 
graduate school training are pointed out. Schools 
of engineering in the United States which have 
been accredited by the ECPD are listed. 


ELECTRONICS 


Electronic Components Handbook; Vol. 3. 
Transformers and Inductors, Connectors, Wire 
and Cable, Terminals, Tube Shields, Hardware. 
Edited by Keith Henney, Harry Mileaf, and 
Craig Walsh. Sponsored by Electronic Com- 
ponents Laboratory, WADC, USAF. New 
York, McGraw-Hill Book Co., Inc., 1959. 180 
pp., illus., diagrs., tables. $10. 

This is the third and final volume of a series of 
working manuals prepared for the designers of 
military electronic equipment and is intended to 
provide the engineer with essential data on com- 
ponent parts so that he may select and use those 
parts that perform with maximum reliability. 
Emphasis throughout this volume has been 
placed on component types for which military 
specifications are available, but other types are 
included in the discussions as well. Where such 
military specifications exist, they are summarized. 


Modern Network Analysis. Fazlollah M. 


Reza and Samuel Seely. New York, McGraw- 
Hill Book Co., 1959. 


373 pp., diagrs., tables. 


March 1960 


The authors have set as their goal a text that 
would provide the student with a broad under- 
standing of modern network analysis at a modest 
level of sophistication. It does not seek to pro- 
vide a high level of mathematical development for 
those who might have a professional interest in 
network theory. 

The book is organized and divided into three 
parts. Part 1 presents a systematic introduction 
to the study of network analysis, primarily under 
steady-state exponential excitation. Part 2 
discusses some of the classical applications of 
Part 1 to filters and transmission lines, and Part 3 
presents a study of linear networks in the tran- 
sient state and also a number of consequent gen- 
eral properties of such systems. 

The authors are, respectively, Professor of 
Electrical Engineering, Syracuse University, and 

ead, Department of Electrical Engineering, 
Case Institute of Technology. 


INSTRUMENTS 


Instrumentation in Scientific Research ; Flectri- 
cal Input Transducers. Kurt S. Lion. New 
York, McGraw-Hill Book Co., Inc., 1959. 324 
pp..illus., diagrs., tables. $9.50. 

The purpose of this volume is to offer research 
workers, engineers, and students a reasonably 
complete collection of the existing basic methods 
and systems used as input transducers in elec- 
trical instrumentation; to serve as a reference 
book which will miaimize literature search; and 
to provide information on particular methods, as 
well as criteria by which the relative merits of 
existing methods and systems may be evaluated. 
The level of presentation is chosen for those who 
have a moderate knowledge of physics and mathe- 
matics. The physics of each method has been 
given preference over the technical means. 
Mathematical derivations are omitted; where 
the derivation is not obvious, it may be found in 
the references. 

The author is an Associate Professor, Massachu- 
setts Institute of Technology. 


MATERIALS 


Introduction to Rubber Technology. Edited 
by Maurice Morton. New York, Reinhold 
Publishing Corp., 1959. 547 pp., illus., diagrs., 
tables. $10. 

Contents: (1) History and Summary of Rubber 
Technology, B. S. Garvey, Jr. (2) Introduction 
to Polymer Chemistry, M. Morton. (3) Natural 
Rubber, O. D. Cole. (4) Vulcanization, L. E. 
Oneacre. (5) Accelerators of Vulcanization, 
B. S. Garvey, Jr. (6) Antioxidants and Antio- 
zonants, R. R. Barnhart and T. H. Newby. (7) 
Rubber Plasticizers, Softeners, and Extenders, F. 
M. McMillan. (8) Carbon Black, J. W. Snyder 
and M. H. Leonard. (9) Nonblack Compounding 
Ingredients, R. F. Wolf. (10) Butadiene-Styrene 
Rubbers, J. D. D’Ianni. (11) Nitrile and Poly- 
acrylate Rubbers, G. A. Daum. (12) Butyl 
Rubber, W. L. Dunkel, R. F., Neu, and R. L. 
Zapp. (13) Neoprene, J. P. Munn. (14) Hypalon 
Synthetic Rubber, F. W. Keeley. (15) Polysul- 
fide Polymers (Thiokol), J. S. Jorezak. (16) 
Silicone Rubbers, J. C. Montermoso. (17) Re- 
claimed Rubber, J. M. Ball. (18) Latex, Sponge, 
and Foam, G. G. Winspear and R. R. Waterman. 
(19) Physical Testing, A. E. Juve. (20) Process- 
ing Equipment, D. C. Chase. Index. 


MATHEMATICS 


Nonlinear Problems in Random Theory. 
Norbert Wiener. Cambridge, Mass., Technology 
Press of Massachusetts Institute of Technology; 
New York, John Wiley & Sons, Inc., 1958. 131 
pp., diagrs. $4.50. 

In an effort to make selected timely and impor- 
tant research studies more readily accessible to 
libraries and independent workers, the Massa- 
chusetts Institute of Technology has launched a 
series of “Technology Press Research Mono- 
graphs’ of which Professor Wiener’s contribution 
is the first. The present monograph contains a 
number of lectures given to advanced students at 
M.I.T. in which the author examines the role of 
nonlinear processes in physics, mathematics, 
electrical engineering, physfology, and communi- 
cations theory. The two final lectures are de- 
voted to problems in the statistical mechanics of 
gases; the results, though tentative, provide a 
new approach toresearch in gas and plasma theory, 
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...now taking 


Lockheed ELECTRA’S 
temperature...to 1°C. 


High accuracy, and easiest needle 
pointer plus digital in-line counter 
readout, are the principal service fea- 
tures of the BH183 AUTOTEMP® jet 
engine temperature indicator. 

AUTOTEMP is designed and pro- 
duced by the makers of the JETCAL 
Analyzer®, the only jet engine tester 
used throughout the world. 


The AUTOTEMP is a completely new 
instrument...a continuous null bal- 
ance 144-inch slidewire potentiometer 
combined with a linearizing analog- 
to-digital converter. Its accuracy is 
the simple attribute or phenomenon 
of its novel and basic slidewire 
potentiometer! 

Completely self-contained... tran- 
sistorized, miniaturized, hermetically 
sealed, servo-driven...the AUTO- 
TeEMpP’s 3”-diameter case includes a 
Zener reference, power supply, ampli- 
fier, servo motor, cold junction com- 
pensation and the 144-inch slidewire 
and punched tape to linearize thermo- 
couple e.m.f. for exact, counter-type 
digital readout. The needle pointer 
indicates in 50°C increments over the 
0 to 1200°C full range of the unit. 


Full information is contained in our Bulletin BH183 
available for the asking! 


Ba&HINSTRUMENT 


co., INC: 


Sales-Engineering Offices: 


West Vickery Bivd. * Fort Worth 7, Texes 


ATLANTA, GA., COMPTON, CAL., DAYTON, OHIO.,, VALLEY STREAM, L.!.,N.¥., WICHITA, KAN., 
TORONTO, ONT. (George Kelk Ltd.) MITCHAM, SURREY, ENGLAND (Bryons Aeroquipment Ltd.) 
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The Theory of Matrices. F. R. Gantmacher, 
2 Vols. New York, Chelsea Publishing Co., 1959. 
Vol. 1,374 pp. Vol. 2,276 pp. $6.00 each. 

The present work is an English translation, by 
K. A. Hirsch, of the Russian-language book Teor- 
tia Matrits which is based on lecture courses given 
during the last 17 years by Professor Gantmacher 
at the Universities of Moscow and Tiflis and at the 
Moscow Institute of Physical Technology. The 
two volumes are complete and unabridged, and 
the only changes in content are those made by the 
author himself late in 1958 and early in 1959, 
The bibliography, containing over 350 items, has 
also been brought up to date and, wherever pos- 
sible, references to the Russian literature have 
been replaced by references to the corresponding 
English literature. Also, the notation has been 
brought into conformity with Western usage— 
e.g., the notation for the zero elements of various 
systems. 

The book is designed not only for mathemati- 
cians but for specialists in closely allied fields; 
consequently, Professor Gantmacher has so 
shaped his presentation as to demand of the 
reader only the mathematical knowledge that 
would be gained in a normal program of higher 
technical education. 

A Treatise on Differential Equations. George 
Boole. 5th Ed. New York, Chelsea Publishing 
Co., 1959. 735 pp. $6.00. 

This fifth edition consists of the fourth edition 
with the ‘“‘supplementary volume’’ appended and 
paged consecutively with it. The first edition 
appeared in 1859; the second in 1865, under the 
editorship of I. Todhunter. 


MILITARY AVIATION, ORDNANCE 


German Secret Weapons of the Second World 
War. Rudolf Lusar. Transl. from the German 
by R. P. Heller and M. Schindler. New York, 
Philosophical Library, Inc., 1959. 264 pp., illus., 

0 


diagrs. 
PACKAGING 
Package Design Engineering. Kenneth 
Brown. New York, John Wiley & Sons, Inc., 


1959. 263 pp., illus., diagrs., tables. $8.50. 

The material presented in this book was orig- 
inally prepared for a course in industrial package 
design given by the author at the University of 
California at Los Angeles. The first eight chap- 
ters cover the basic fundamentals in static and 
dynamic mechanics, strength of materials, and 
stress analysis that are required by the packaging 
engineer to provide him with the necessary back- 
ground for solving structural and dynamic pack- 
aging problems. Four chapters are devoted to 
the design characteristics of the tension spring, 
rubber shear mount, solid cushioning, and canvas 
strap suspension systems. Four additional chap- 
ters discuss the peculiarities of corrugated, 
sheathed crate, plywood, and metal shipping con- 
tainers, and there are three chapters illustrating 
the engineering fundamentals and design applica- 
tion of dehumidification and pressurization, vib- 
ration, and package test instrumentation. 

Mr. Brown is a member of the Technical Staff, 
Space Technology Laboratories, Inc., and of the 
Technical Teaching Staff, U.C.L.A. 


PHYSICS 


Quantitative Molecular Spectroscopy and Gas 
Emissivities. S. S. Penner. Reading, Mass., 
Addison-Wesley Publishing Co., Inc., 1959. 587 
pp., diagrs., tables, folding charts. $15. 

The theoretical and experimental studies con- 
sidered in this text are representative of the type 
of research problem encountered in connection 
with the development of modern propulsion de- 
vices. Most of the fundamental topics treated 
are mentioned only briefly in standard reference 
works on spectroscopy, and it is the hope of the 
author that the present work will serve for stu- 
dents in applied science as an introduction to the 
literature on a class of radiation problems that 
fall, to a large extent, into the temperature range 
intermediate between that of interest to the molec- 
ular spectroscopist on the one hand, and the as- 
trophysicist on the other. : 

Although several important chapters require 
some knowledge of spectroscopy and quantum 
mechanics for proper comprehension, the chap- 
ters on infrared emissivities, on optical tech- 
niques for the measurement of flame temperatures, 
and on the effect of radiation on the burning of 
solid and liquid propellants should be intelligible 
with little or no previous preparation. Through- 
out the book the emphasis is on atomic and molec 
ular problems, not on radiative transfer calcula- 
tions, which are treated exhaustively in both the 
astrophysical and the engineering literature. | 

The author is associated with the Californis 
Institute of Technology. 


RESEARCH 


Symposium on Basic Research. Dael Wolfe, 
Editor. Sponsored by National Academy o 
Sciences, American Assn. for the Advancement of 
Science, and the Alfred P. Sloan Foundation, and 
Presented at Caspary Auditorium of the Rocke: 
feller Institute, May 14-16, 1959, N.Y. _ (AAAS 
Publn. No. 56.) Washington, AAAS, 1959. 308 
pp., illus.,.diagrs. $3.00. 


(Continued on page 116) 
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Personnel 


. 


This section is for the use of individual members of the Institute 
seeking new connections and eligible organizations offering em- 
ployment to specialists in the aero/space industry. Any member 
or eligible organization may have requirements listed without 
charge by writing to the Secretary of the Institute. 


Available 


943. Engineer (Applied Mechanics)—B.S.- 
M.E., M.S.Ae.E. & M.E., P. Cand. Ph.D., P.E. 
Fifteen years’ background of responsibility and 
supervision in aircraft, helicopter, and missile 
fields. Competent experience in theoretical 
and experimental structural analysis, dynamics, 
heat transfer, aerothermodynamics, fluid flow. 
Well acquainted with present-day missile ma- 
terials. Desires a position of leadership in 
research or development. Prefers a location 
near an appropriate school to complete Ph.D. 
studies. 

942. Thermodynamics Engineer—B.S.M.E. 
(Aeronautical Option), age 34. Ten year’s 
experience in layout, design, analysis, and testing 
of fluid flow and aerodynamic systems for air- 
frame components (8 years) and rocket motors 
(2 years). Desires challenging career position 
in applied research and design of transports and/ 
or low-level air-breathing vehicles. 

941. Mechanical Engineer—B.M.E., age 41. 
Eighteen years’ engineering experience in the 
aircraft, missile, and avionics industries. Cur- 
rently engaged in weapon system operational and 
support analysis for supersonic target drone. 
Six years’ supervisory experience in directing 
engineering, laboratory, and administrative 
groups in development and production of air- 
borne electromechanical systems; 2 years in 
electromechanical design; 7 years in flight 


research; 2 years as stress analyst. Desires 
position with major missile contractor or sub- 
contractor in project management or weapon 
system engineering. Résumé furnished on re- 
quest. 

940. Administrative Engineer—A young man 
with 6 years in the aircraft industry with three 
major firms. Experience includes administration, 
weights engineering, and reliability. Working 
toward Master of Business Administration degree. 
Specialized in systems and procedures. Desires 
location in Long Island or New York City. 
Presently employed but readily available. 

939. Aeronautical Engineer—Graduate of Uni- 
versity of Michigan in February, 1952. Propul- 
sion speciality. Four and a half years with West 
Coast airframe company in engineering test 
laboratory (fuel and engines). Over 3 years with 
Midwest engine manufacturer as a specialist in 
altitude and environmental testing. Some 
supervisory experience. Licensed Professional 
Engineer (Mechanical) in State of Ohio. Age 36. 
Desires a change for better chance of advance- 
ment. 


938. Technical Project Manager, General 
Manager, Executive Scientist—With background 
in all aspects of R&D, government procurement, 
technical administration, technical sales, and 
scientific project management, desires a new 
affiliation which will permit expansion of activities 
and ideas in a larger scale environment than 
permitted by financial and organizational struc- 


ture of present association. Experienced in 
aeronautical and missile research, instrumentation 
development, systems requirements, flight-test 
programs, and scientific measurements. Will 
consider technical position with supervisory 
responsibility. Prefers the West Coast. 


937. Product, Personnel, & Design Develop- 
ment—M.S.M.E. Registered. Over 12 years 
at chief engineer and planning staff levels. 
Background includes rotating machinery, ma- 
terials handling, industrial noise control, domestic 
appliances, internal combustion power-plant 
systems, structural components, weapons, and 
food processing. Problem-solving and _policy- 
making experience in products, methods, and 
personnel development areas. Span the re- 


The number preceding the notice 
represents the Box Number of the 
Institute of the Aeronautical Sciences 


to which inquiries should be addressed. 


Theoretical Aerodynamicists = Applied Physicists = Applied Mathematicians 


(PhD or equivalent) 


An Invitation to Join in 


APPLIED RESEARCH INVESTIGATIONS WITH REPUBLIC AVIATION 


Immediate openings are available for senior scientists and engineers in the 
Applied Research and Development Division of Republic Aviation. 


By joining Republic’s continuing research and development expansion program 
-—a major area of which is aimed at advancing all aspects of the field of aero- 
nautics — you may carry on or initiate new studies in:. 


m Hypersonic aerodynamics m Low density aerodynamics m Real gas effects m Magnetoaerodynamics 


Republic’s new $14,000,000 Research & Development Center at Farmingdale, 
Long Island is scheduled to open late this Spring. To existing facilities support- 
ing current comprehensive research and development programs, it will add a 
highly sophisticated environment making possible wider technical investiga- 
tions, as well as stimulating entirely new avenues of scientific experiment. 


Forward resume in confidence to: 


Mr. George R. Hickman, Technical Employment Manager, Dept. 2C 


Farmingdale, Long Island, New York 


March 1960 
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PERSONNEL OPPORTUNITIES 


Flight Systems Analysts 


personic vehicles 


for prelimina 


ry studies on hy 


Senior and supervisory positions are available for chem- 
ists, physical chemists, physicists, mathematicians; mechan- 
ical, aeronautical and chemical engineers in an analytical 
group established to explore fuel chemistry and thermo- 
dynamics, engine cycle analysis and preliminary design, 
and preliminary design and performance of complete flight 
systems. Preferred background and experience would be in: 


@ AERODYNAMIC HEATING 

@ STRUCTURAL DESIGN 

@ COMPUTER PROGRAMMING 

@ PROPULSION AERO-THERMODYNAMICS 


Located in suburban Richmond, the company offers 
completely modern facilities, attractive working conditions 


and opportunity for individual responsibility. 


Living is 


pleasant in Richmond and the company maintains com- 
petitive salaries with liberal benefit programs. 


SEND RESUMES TO PERSONNEL MANAGER 
EXPERIMENT INCORPORATED 


A SUBSIDIARY 


OF 


TEXACO INC. 


RICHMOND 2, VIRGINIA 


Engineers and Physicists 


Time to rediscover your future... 
in Minnesota, Opportunity-land, U.S.A. 


‘Think back five years. Perhaps ten. 
Are you progressing satisfactorily toward 
that goal—that high level of professional 
recognition—you once set for yourself? 
Do you live in a community that has the 
cultural, social and recreational oppor- 
tunities you’ve always wanted for your 
family? We certainly hope so. But just 
in case you can’t answer a real sure ‘‘ves’’ 
to either of these questions, we invite you 
to explore the future you could enjoy in 
Minnesota—with the Mechanical Division 
of General Mills. 


We need top level engineers and physicists 
for important assignments on many of the 
nation’s most challenging defense and 
industrial projects. As one of our key 
men, you’d be teamed with outstanding 
personalities in fields in advanced technol- 
ogy. You’d work in an environment that 


Mr. G. P. Lambert, Manager Professional | 


Employment 
Mechanical Division, General Mills 
2003 East Hennepin Avenue, Dept. AS3 
Minneapolis 13, Minnesota 
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respects creative freedom, encourages 
individual talents—and, recognizes pro- 
fessional competence. 


Your family would enjoy our unhurried 
way of life here in Minneapolis. And you 
would, too. Chances are you would live 
within walking distance of a lake, park or 
golf course. A short drive would take 
you to some of the best hunting, fishing 
and camping sites anywhere. Along with 
this easy, country living, you’d have all 
the advantages a major cosmopolitan 
center can offer: good theaters, art centers, 
schools and colleges; major sports attrac- 
tions: -clean, modern shops; efficient 
transportation—and on and on. 


Send today for all the facts if you’d like to 
rediscover your future in any of these 
fields: 
e Digital Systems Configuration 
Electronic Circuit Design 
Micro-wave Development 
Digital Computer Logic 
Electronic Packaging 
e Advanced Pulse and Video Circuit Development 
e Advanced Inertial Navigational System Development 
@ Optical and Infra-Red Equipment Engineering 
Attending the 1.R.E. Show, New York, March 21=24> 
Contact é P. Lambert at Wellington Hotel for more 
facts about t opportunities. 


Ploy 


General 


MECHANICAL 
DIVISION 


March 1960 


search, development, and design spectrum. In- 
terested in your problems. Available imme- 
diately. 

936. Sales Engineering—French Aeronautical 
Engineer; age 49, with an extensive experience 
in technical and commercial administrative work 
and technical marketing, is interested in being 
appointed technical representative, liaison or 
production engineer, or similar position in France 
or Continental Europe for American industrial 
firms expanding their activities overseas. Com- 
plete résumé on request. 


+ 


Books (Continued from page 114) 


Contents; The Need for New Knowledge, J. R. 
Oppenheimer. Basic Research in the United 
States, A. T. Waterman. The Paradox of Choice, 
W. O. Baker. Basic Research and the Liberal 
Arts College, L. M. Gould. Basic Research and 
the State University, C. A. Elvehjem Basic 
Research and the Private University, L. A. Du- 
Bridge. Capsule Conclusions, J. R. Killian, Jr, 
Basic Research: A Technological Savings Ac- 
count, C. H. Greenewalt. Science: Handmaiden 
of Freedom, D. D. Eisenhower. Basic Research 
in Government Laboratories, A. V. Astin. Basic 
Research in Industrial Laboratories, J. B. Fisk. 
Basic Research in Private Research Institutes, 
M. A. Tuve. Support of Basic Research from 
Government, P. E. Klopsteg. Support of Basie 
Research by Industry, R. E. Wilson. Support of 
Basic Research from Private Philanthropy, R. § 
Morison. The Support of Basic Research: Sum- 
mary of the Symposium, D. Wolfle. List of 
Participants. 


ROCKETS 


Sounding Rockets. Homer E. Newell, Jr. 
New York, McGraw-Hill Book Co., Inc., 1959. 
334 pp., illus., diagrs., tables. $12.50. 

In this study of the principal rockets used for 
geophysical and solar research, Dr. Newell re- 
views the development and scientific application 
of sounding rockets in the United States, Eng- 
land, France, and Japan from the end of World 
War II to the start of the International Geophys- 
ical Year on July 1, 1957. The U.S.S.R. is not 
mentioned. The author, who is presently Assist- 
ant Director for Space Sciences, NASA, also 
furnishes the reader with a means of evaluating 
the relative merits and disadvantages and the rel- 
ative suitabilities of various rockets. ‘ 

Contents: (1) The High-Altitude Sounding Roc- 
ket, H. E. Newell, Jr. (2) The Use of Rockets 
for Geophysical and Solar Research, H. E. Newell, 
Jr. (3) The Use of Sounding Rockets for 
Military Research, R.C.Truax. (4) The Aerobee 
Rocket, J. A. Van Allen, J. W. Townsend, Jr., 
and E. C. Pressly. (5) The Aerobee-Hi Rocket, 
J. W. Townsend, Jr., E. C. Pressly, R. M. Slavin, 
and L. Kraff, Jr. (6) Deacon and Cajun, W. J. 
O'Sullivan, Jr. (7) ASP, R. B. Cox. (8) Loki- 
WASP, J. E. Masterson. (9) Balloon-Launched 
Rockets for High-Altitude Research, J. A. Van 
Allen. (10) Aircraft-Launched Rockets, Part I 
by M. D. Ross, Part II by L. Kraff, Jr., and R. M. 
Slavin. (11) Nike-Cajun and Nike-Deacon, L. 
M. Jones, W. H. Hansen, and F. F. Fischbach. 
(12) Terrapin, S. F. Singer and A. L. Lawrence 
(13) Viking, H. E. Newell, Jr. (14) British 
Sounding Rocket—Skylark, J. F. Hazell and E. 
B. Dorling. (15) French Sounding Rockets— 
Véronique and Monica, E. Vassy. (16) Japanese 
Sounding Rockets—Kappa and Sigma, H Itok- 
awa. (17) Future Sounding Rockets, H. E. 
Newell, Jr., E. C. Pressly, and J. W. Townsend, 
Jr. (18) Facilities for the Firing of Sounding 
Rockets, H. E. Newell, Jr. (19) Artificial Satel- 
lites of the Earth, H. E. Newell, Jr. Index. 


THERMODYNAMICS 


Chemical Process Principles; Part 2, Thermo- 
dynamics. Olaf A. Hougen, Kenneth M. Watson, 
and Roland A. Ragatz. 2nd Ed. New York, 
John Wiley & Sons, Inc., 1959. 605 pp., diagrs., 
tables. $9.75. 

The present edition brings together in — 
volume the theoretical development and or 
applications of the basic engineering science © 
thermodynamics, plus advanced treatment of the 
more specialized developments of chemical engt- 
neering thermodynamics. The great advances 
made in the development of chemical engineering 
curricula in terms of the basic engineering sciences 
since the appearance of the first edition in 1947 
have resulted in a text containing at least 70 per 
cent of new material. The treatment of thermo 
dynamics in the fields of fluid flow and power Sir 
eration has been enlarged, and principles of flui 
flow with consideration of thrust have been &* 
tended to the supersonic range, as well as to er 
flow of compressible fluids through ducts am 
nozzles. The thermodynamic problems of a wide 
range of internal-combustion engines are analyze 
in terms of basic scientific principles; problems % 
mechanical design are not treated. f 

Drs. Hougen and Ragatz are Professors 
Chemical Engineering, University of Wisconsi®; 
Dr. Watson holds the same title at the Illinots 
Institute of Technology. 
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